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George at the Forge 


The day the mobile radar was delivered to Washington at Valley 
Forge, it was so cold a man’s shadow froze to the ground. Never- 
theless, the Father of his Country managed to work up a good head 
of steam when he saw the unit. 

“Idiots!” he stormed. “Why do they send me radar when we 
need food and shelter and clothing? What good is it? Does it have 
Bomac tubes?”’* 

“No sir,” his orderly shivered. “It doesn’t seem to have any 
tubes at all. But it might make a nice warm fire.” 

“I was thinking the same,” Washington said. And, without 
another word, he went and got a little hatchet and chopped and chopped. 























































































Leaders in the design, development and manufacture of TR, ATR, Pre-TR tubes; shutters; 
reference cavities; crystal protectors; silicon diodes; magnetrons; klystrons; duplexers; 
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The wind blew and the chips flew. Soon, the installation was reduced 
to kindling. 

“That's more like it,” the General said when he was done. “Now, 
if someone will hand me a match . . . 

But he never finished the sentence. The ice on which he was 
standing suddenly gave way, and he disappeared into the frigid water. 

“General, general are you all right?” the orderly asked as he 
fished him out. 

“I'm afraid so,” Weshington said. “But you'd better put a sign 
here to warn the others.” 

So, that was why the famous sign was put up —the sign you 
can see today when you visit Valley Forge. You know the one. 

It reads “George Washington slipped here.” 
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D| NOW! A NEW CONCEPT 
Crossroads at the Sixties IN COMPUTER DESIGN 
MMEDIATE business prospects for the sup- SETS A NEW STANDARD 


pliers of Military Electronics Systems and 
components appear bright, according to many an- OF VERSATI LITY AND VALUE! 
alysts of the President's budget message. Although 
the initial figure proposed for the military budget 
is held at last year’s budget of about $41 billion, 


curtailments in some conventional arms and THE FULLY-TRANSISTORIZED 


manned aircraft will enable a larger proportion of 


the appropriation to go to missile and space pro- 
grams, in which the electronics industry will re- 
ceive a larger share. The figure most quoted for OS 
electronics and associated programs, including de- 
velopment and research, is about $6.6 billion, to 


which must be added much of the NASA budget 


of $800 million for “non-military” space projects. 

1960 appears to be shaping up as a year in which 
fateful decisions affecting the ‘Nations future, per- 
haps for all time to come, will be made. Some par- 
ticularly favorable trends are noted. 


We are glad to note that the need for a continu- 


ing capability in conventional weapons is recog- a 
nized in the President's budget. The capability to 

cope with limited disturbances and “brush fires”, 

even to engage if necessary in limited wars, must , 

be retained on an operational level. If this capa- 


bility is lost, our adversaries then know that in a 


minor crisis we must either capitulate or initiate a 
nuclear conflict. 
In line with freedom of choice in the instrument - 
of national policy, we are encouraged to note that 
all services are awake to the advantage of mobile 


launching systems: Polaris for the Navy; the SAC 
airborne alert; and the Army’s proposal for roving 
ICBM batteries mounted on railway cars. The 
mobile trend thus appears to reverse a tendency 
toward static missile bases that was disturbingly 
reminiscent of the Maginot Line. 

However, the direct and most obvious answers to 
the Russian push for wo: ' supremacy are receiving 
the major attention of the appropriating powers. 
Equally as important in the long run, may be the 
effective measures to improve the number and 
qualit; of research scientists and engineers, be- 
cause in one area after the other our technology 
is already pressing the frontiers of basic research. 
New materials, new techniques, new ideas are 
needed which cannot be produced other than by 
men of exceptional ability, provided with the op- 
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The RPC-4000 is a new, fullv-transistorized electronic 
computing svstem with the largest memorv, greatest 
problem- -solving capacity and flexibility in the low- or 
medium-priced field. It is the latest member of a grow- 
ing familv from the people whose LGP-30 has become 
the world’s leading small-scale computer. 


Wide range of applications: the RPC-4000 has been de- 
signed for engineering, scientific, business data process- 
ing and management control functions. Such jobs as 
product and process design, statistical analvsis, research, 
inver.torv control, pavroll and sales analysis are all well 
within its capabilities. 


Easy to use: the RPC-4000 is simple to program and 
operate. Roval McBee compiling and translating routines 
allow even non-technical personnel to obtain maximum 
results. Versatile command structure gives programming 
speed and flexibility. 


Available at low cost: high capacity, flexibility and ease 
of operation make the RPC-4000 the outstanding com- 
puter value on the market today. 


Minimum operating costs: the RPC-4000 requires no site 
preparation or special maintenance. It is powered from 
any ordinary wall outlet. 


Continuing assistance: users benefit from free training, 
an information exchange service, and library of programs. 


Heart of the RPC-4000 system is 
a new transistorized computer with 
advanced design concepts that pro- 
vide substantial computing speed 
and capacity in a low-cost unit. 
Magnetic memory drum stores 8008 
words. Operating speeds are as 
high as 230.000 ‘minute. 


Standard input-output is a_ tape 
typewriter system which includes a 
Royal electric encoding- decoding 
typewriter complete with desk and 
chair, plus a tape punch-read con- 
sole. Read speed is 60 characters 
sec., punch speed 30 characters 
sec. Typewriter, punch and reader 
may be interconnected in any com- 
bination for both on-line and off- 
line operations. 


A new 500 character/sec. photo- 
electric tape reader and a 300 
character/sec. punch are available 
as optional input-output equip- 
ment. A magnetic tape unit and a 
line printer will be available soon. 
As many as 17 input-output devices 
(60 with minor modification ) may 
be connected on-line to the basic 
system. All peripheral equipment 
is under automatic program con- 
trol of the computer. 


(. 


\ 7 Royal Precision Corporation 


Royal Precision is jointly owned by the Royal McBee and 
General Precision Equipment Corporations. RPC-4000 sales 
and service are available coast-to-coast, in Canada and abroad 
through Royal McBee Data Processing Offices. For full, de- 
tailed specifications on the new, transistorized RPC-4000, write 
ROYAL MCBEE ata processing division, Port Chester, N.Y. 
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portunity, incentive and the time to achieve these 
breakthroughs. 

The President's budget message is, of course, in 
our system of governmental balances, not the final 
word. There is every indication that both houses 
of Congress will give unusually thorough attention 
to competing claims for additional financial sup- 
port in this election year. Whether the budget as 
it stands is adequate for defense for the immedi- 
ate future, and more importantly, whether it pro- 
vides sufficient dynamic force to enable the U. S. 
to overtake the Russian lead in missile and space 
techniques before they attain a permanent supe- 
riority must be decided by those executive and 
legislative leaders who have access to all the secret 
evidence involved. It becomes increasingly im- 
portant for us all to rededicate our efforts to elect 
level-headed citizens to these positions of leader- 
ship this November. 

Without assuming to prejudge these debated is- 
sues, we would like to mention the observation re- 
cently voiced by Chet Huntley in his NBC news 
commentary, that many top service commanders, 
with no personal axes to grind, have expressed their 
conviction that we are in danger of hopelessly fall- 
ing behind the Russians in this vital race. We sub- 
mit that there is no question of either the ability 
or the patriotism of these commanders, and that 
their testimony should not be dismissed as inter- 
service rivalry. 

The legislative program of 1960, together with 
the philosophy of the leaders we elect in Novem- 
ber, must ensure that the U. S. will meet the Rus- 
sian challenge by courageous action. 


CORRECTION 


Mr. Wilson Greatbatch, author of the article 
“Instrumentation for Space Medicine Applications,” 
featured in the November-December 1959 issue of 
MILITARY SYSTEMS DESIGN; has asked us to 
state that a mention of Space Project MERCURY 
in the lead paragraph of his article was not in- 
tended to imply that the Taber Instrument Corpo- 
ration is engaged in any part of that project. 

The offending phrase had been editorially substi- 
tuted for the term “space vehicle” in Mr. Great- 
batch’s original manuscript. When the revised 
version was approved by the author, the erroneous 
implication that might be drawn was not detected 
until the published article was received. Immedi- 
ately asking us by telephone to disclaim current 
participation of his company in Project MERCURY, 
he has since confirmed this request by letter, in 
which he adds: “I have already received several 
long distance calls of a very complimentary nature 
regarding this article making it quite clear that 
your magazine is read by many highly placed 
people.” 










































} 1HE TRANSMITTING equipment for a missile 
detection radar system must be capable of 


furnishing sufficient pulse energy to permit detec. § " 7 

tion of objects possessing very poor reflection char- JJ enginee 

acteristics, at ranges in excess of one thousand miles, igor 

Such detection capabilities require somewhat dif- Electric 

ferent concepts of transmitter operating conditions Military 

than are customary for present day aircraft detec- ede 

FIG. 1. TYPICAL OF _ tion radar equipment. ee 
Radar discussed is the As an example, consider a typical aircraft detec- 
so cr ole paige tion radar transmitter having a peak RF power out- 
1G. E. Heavy Military put of several megawatts, a pulse length of several 
Electronics Dept., in microseconds and a detection range of somewhat 
B cooperation with over one hundred miles. For purposes of compari- 
m, ARDC's Rome Air De- _ son, assume the pulse length and peak power of this 
velopment Center, transmitter can be varied at will to extend the range 

shown in model layout. - vey ok 

of this equipment to somewhat in excess of one 

thousand miles. Reference to the radar range equa- FIG. 

tion® will show that the transmitted pulse energy RANG 


(product of pulse length and peak power) must be detect 
increased by a factor of ten thousand (Fig. 3). It ject Is 





thus becomes apparent that one practical method gel 
of accomplishing long range detection would be to range 
increase the transmitter peak power to several tens 
of megawatts and to increase the transmitted pulse 
length to several thousands of microseconds. Simul- 
Missile D ion R T i 
issile Detection Radar Transmitter Considerations. 
C. J. EICHENAUER, JR., Heavy Military Electronics Dept. General Electric Co. 
HG. 4. 
formance 
Transmit 
*The expression is as follows: = 
| P’T’sA" 
a see 200}— 
V (4r)* KT 
Where R = Theoretical free space range of radar . 
P’ = Peak transmitted power in watts ; 
FIG. 2. HIGH POWER Trans- lan ib tannery <giaeia idle 
mitter Units line up [left to right) lr’ = Pulse duration in seconds > 80 | 
as: Power Amplifier Modulators, o = Effective target area » 60 
Power Amplifier Tube (Center = Wavelength of transmitted power é 
tank), Power Amplifier Controls, KT = 4.11 x 107" joules 3 4 
Intermediate Power Amplifier and 5 |. 
Driver Units. The formula assumes that R, o and X are ex- : 
pressed in the same units, that the receiver adds no f° 
noise, and that the received signal is visible on an fj 
indicator when signal and noise energies are equal. J£ *° — 
(From “Reference Data for Radio Engineers,” p. [f* 
808, Fourth (current) Edition, I. T. & T. Corp., 67 
Broad St., New York 4, N. Y.) 
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FIG. 3. 


POWER 
RANGE relationship for 
detection of a distant ob- 
ject is based on a unit of 
power required to detect 
the same target at a 


range of 100 miles. 
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HG. 4. CURRENT AND PROJECTED Per- 
formance Capabilities for High Power Radar +. 
Transmitter Tubes. 
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ROBOT AUTOMATIC 


Photo-Recording System 
automatically provides you 
with totally objective docu- 
mentation — free from human 
error in observation and tran- 
scription. 


Unattended, the ROBOT’s 
photographic brain automati- 


Mu ” 
E LE M E NTA RY cally records tens or even hun- 


to scientific investigation 4s of thousands of pictures 
— registering chemical, physi- 
cal, biological, medical, tech- 
nical and industrial data, often 
imperceptible to the human 
eye. 
Here’s complete PHOTO- 
GRAPHIC AUTOMATION— 
for saving time, labor and 
expenses — adaptable to your 
every visual recording need. 


karl heitz 








ROBOT camera and lens; remote release, 
electric booster motor, 30 (or 200) ft 
film mag., KULI support, angle bracket. 40 texincron ave. wew YORK 17 © Yukon 6-4920 
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RCA Moorestown offers 
broad opportunities 
to transmitter engineers 


Project BMEWS (Ballistic Missile Early Warning System) and 
other advanced missile detection systems have created virtually 
unlimited technical opportunities for engineers to participate 
in the development and design of transmitters ranging from 
very low-power to super-power radar transmitters delivering 
peak power in the multi-megawatt range. 








The scope of original design effort ranges from the design of 
low-power pulse and RF circuits to the design of super-power 
hard-tube pulsers and RF cavity-type amplifiers. 


Experience in the development and design of communications, 
TV, radio and radar transmitters or their components is required. 
A knowledge of high-power tube design and the application of 
klystron and magnetron tubes would be beneficial. 


Salary to $16,000. 


Please address all inquiries to: 
Mr. W. J. Henry, Box V-30A 
RCA, Moorestown, New Jersey 
(20 minutes from Philadelphia) 





RADIO CORPORATION of AMERICA 


J Moorestown Missile and Surface Radar Division 





taneously, if the radar is to have an unambiguous 
range of at least a thousand miles, the pulse repeti- 
tion rate must be reduced to less than eighty pulses 
per second. 

Two methods of decreasing the peak power and 
pulse width requirements of such a radar system 
would be to: First, improve the receiver noise fig- 
ure and second, increase the antenna gain. Both of 
these approaches have practical limitations. The 
usual practical result is that the radar transmitter 
must supply a multimegawatt peak RF power out- 
put at a pulse duration in the range of several hun- 
dred to several thousand microseconds in duration. 
Even with the low pulse repetition rates encoun- 
tered, the transmitter must supply average RF pow- 
er outputs in the order of hundreds of kilowatts. 

Transmitting tubes capable of supplying these 
levels of power output introduce compromises in 
the design of the radar system. For instance, the 
radar operating frequency should be as high as pos- 
sible to allow the smallest possible antenna beam- 
width for a given antenna physical size. Paradoxi- 
cally, at least in the case of triode and tetrode 
transmitting tubes, the frequency should be as low 
as possible to realize the greatest RF power gen- 
erating capability. Presently the largest available 
triodes are rated to produce five megawatts of 
peak power output and three hundred kilowatts 
average power output, up to a frequency of about 
four hundred megacycles. Above this frequency 
the output of presently available triodes falls off 
rapidly, and other tube types must be considered 
for the transmitter (see Fig. 4). 

Velocity modulated tubes such as klystrons and 
traveling wave tubes generally take over where 
triodes leave off in the frequency domain. In the 
four hundred megacycle region there are currently 
available klystron amplifier tubes rated at one and 
one quarter megawatts peak power and seventy-five 
kilowatts (Fig. 5) of average power. The state of 
the art appears to be developing rapidly with these 
klystrons, and tubes having four times these ratings 
should be available in this frequency region in the 
near future. Velocity modulated tubes in their 
simplest form suffer somewhat from the same weak- 
ness as triodes, namely that as the desired operating 
frequency is increased, the maximum power output 
is decreased. The consensus seems to be that the 
power outputs obtainable should hold up fairly 
well through L band, fall off through S band, and 
decay rapidly through C and X bands. 

Cross field tubes such as the magnetron and the 
amplitron also present possibilities for the trans- 
mitter application. In general, the magnetron, a self 
excited oscillator, does not possess adequate fre- 
quency stability for most applications. The ampli- 
tron (or similar type cross field amplifiers) will 
undoubtedly have important applications, but since 
it is a relatively recent development, less is known 





FIG. 5. MULTI-MEGAWATT KLYSTRON being 
installed in FPS-7 Radar Transmitter. 


about its ultimate possibilities for this type of ap- 
plication. 
In any case, the usual missile detection trans- 














mitter requires the output of more than one RF 
amplifier tube to generate the power required for 
detection. The combining of the output of several 
tubes may be accomplished either before feeding 
the antenna, by means of RF waveguide combining 
techniques, or the combining may be done by multi- 
ple feeds at the antenna reflector. 

The frequency stability aspects of the missile de- 
tection transmitter, especially the short term stabil- 
ity requirement, are usually quite severe. Excellent 
interpulse and intrapulse stability are required since 
low frequency doppler information is generally 
read out on the targets. Crystal controlled oscillator 
and multiplier chains are the rule. The phase-ver- 
sus-beam voltage characteristics of velocity modu- 
lated tubes places critical requirements on the 
ripple and droop characteristics of the pulser wave- 
forms. Also some systems employing pulse com- 
pression techniques introduce the additional re- 
quirement that the velocity modulated power am- 
plifier tubes must have an absolute minimum of 
departure from the normally linear characteristic 
of phase delay versus operating frequency. 

The pulsers for transmitters of this sort may take 
at least three forms, the line type pulser, the straight 
hard tube pulser, and the modulating anode pulser 
(see Fig. 6). 

The line type pulser offers many advantages for 
long pulse high power operation. It can be shown 
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to be the least space and weight consuming (due 
to the much lower voltages involved in the major 
components) and the most economical method of 
obtaining long, high-powered pulses. By careful 
network design the pulse ripple can be reduced to 
less than one-half percent peak to peak and the 
droop at the pulse transformer secondary can be 
reduced to less than one-half percent. Should lower 
levels of ripple be necessary, pulse clamping tech- 
niques may be employed. 

The straight hard tube pulser relies on drawing 
energy from a capacitor bank during the pulse peri- 
od and employs large vacuum tubes as a series 
switch. At voltages within the ratings of existing 
switch tubes, (usually less than fifty kilovolts) this 
technique is very practical. Higher pulse voltages 
may of course be obtained by employing pulse 
transformers as in the line type pulser. In theory the 
pulse has no ripple content on its top, but it does 
possess a power droop characteristic. This droop is 
a function of the size of the storage capacitor bank. 
The hard tube pulser, although more sizable and 
costly than the line type pulser possesses the advan- 
tages of: 1) Greater flexibility of pulse duration ad- 
justment since this is a function of the relatively 
low level grid driver circuit, and 2) the capability 
of producing closely spaced pulses in groups (for 
coded operation) due to the more rapid post-pulse 
recovery time of this type of pulser. 

The modulating anode pulser operates on the 
principle that a modulating anode equipped kly- 
stron need only have its modulating anode con- 
nected to its cathode to cut off beam current, or 
conversely the modulating anode need merely be 
connected to a prescribed voltage level (usually 
between one half beam voltage to full beam volt- 
age) to produce full beam current. The klystron 
beam voltage is applied across the tube at all times. 

The basic components of high voltage power sup- 
ply and high voltage storage capacitor perform the 
same functions as in the case of the straight hard 
tube pulser. The function of the vacuum switch 
tubes differ in that they carry very low currents 
during the flat top portion of the pulse, however, 
they must be capable of very high surge currents 
if rapid rise and fall times are to be achieved. 

At operating voltages of under about 100 kilovolts 
the modulating anode pulsing techinque does not, 
in general, tax the state of the art of existing high 
voltage components. At voltages much in excess of 
this level the switch tube state of the art is a limit- 
ing factor, and other methods of modulating anode 
pulsing must usually be considered. To sum up, the 
basic characteristics of the straight hard tube pulser 
are retained by this method of pulsing. Increased 
size, weight and cost will probably result when 
compared with the alternate pulsing methods, par- 
ticularly when the operating voltages involved ex- 
ceec 100 kilovolts. 
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FIRST SILICON 


MIL-TYPE PNP TRANSISTORS 


[ MIL-T-19500/78 (SigC) ] 











2N1025 
2N1026 
2N1469 





(FORMERLY 2N1026A) 


Now you can specify Sperry silicon PNP transistors for highest reliability 
under the extreme environmental conditions encountered in your airborne, missile 
or other military application. 

Developed as an extension of the world’s most complete line of general 
purpose PNP silicon transistors, these devices find wide application in modulators, 
demodulators, voltage regulators, audio amplifiers, oscillators, switching circuits, 
and input stages of high-impedance low-noise circuits. 

For immediate delivery in production quantities, contact the nearest Sperry 
sales office as listed below. 





Current Maximum Minimum Maximum 
T Gain Collector Cutoff Collector Cutoff Current 
ype Ne Voltage Frequency @ Vcg= —35 Volts 
(Vce=—6v, le=1ma) Vee fav Iceo 
2N1025 9-22 —35V lmc 0.025yA 
2N1026 18-44 — —35V 2mc 0.025yA 
2N1469 36-88 —35V 2mc 0.025yA 
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Maximum collector current (I-) is —100mA for all types. 


SPERRY RAND CORPORATION, SOUTH NORWALK, CONNECTICUT 
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dures on floated gyros are often conducted dif- gyro 
ferently by one manufacturer as opposed to an- torqu 
other; therefore it is useful to know the exact meth- null 
ods by which gyro operating characteristics are slave 
established. Applications in which floated rate in- gimb 
tegrating gyros are used demand precise perform- axis. 
ance levels throughout the life of these instruments. refle 
Consequently, a test and evaluation method must gimb 
be employed which can faithfully reflect a com- used 
ponent’s operating characteristics under conditions test | 
identical to those which will be encountered in fott’s 
actual use. Te 
Generally, two fundamental methods are used in has : 
testing gyro performance, namely, a “closed loop by u 
test” and an “open loop test.” In the former, the failu 
gyro’s torquer is slaved to the signal generator and appa 
FIG. 1. SIX ORIENTATIONS are each § tested 2 


7@ 10810), ae 





+ INPUT AXIS UP 








,o-e—_—_—_——_—_>— 
oe +SPIN 
AXIS 
EAST 


A 


aida 49 S-1-110)) 
AXIS SOUTH 





POSITION 2 





+ SPIN 

AXIS ae 

WEST eo | 
ES 

aia 49 2-3-1108), | 

AXIS SOUTH 









+ INPUT AXIS 
DOWN 







POSITION 3 






+ PRECESSION AXIS 





+ INPUT AXIS 
SOUTH 








MILITARY SYSTEMS DESIGN § Janue 







An entirely 











concept in 
ceramic capacitors 
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holds the gimbal at null. Under this condition, 
gyro performance is reflected by the amount of 
torquer current required to maintain the gimbal 
null position. In open loop tests a servoed test is 
slaved to the gyro signal generator and holds the 
gimbal at null by rotating the gyro about its input 
axis. Gyro performance under these conditions is 
reflected by the table rates required to maintain the 
gimbal null position. Actual performance of a gyro 
used in a stable platform is simulated by the latter 
test method, which is the one employed in Kear- 
fott’s six-position test. 

Testing a gyro thoroughly in each of six positions 
has an advantage in that detrimental effects caused 
by undetected flaws are readily discovered, for gyro 
failure or poor performance generally become more 
apparent in some orientations than in others. Hence, 
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BENDIX SR RACK 
AND PANEL CONNECTOR 


with outstanding resistance 
to vibration 


The Bendix type SR rack and panel electrical connector 
provides exceptional resistance to vibration. The low 
engagement force gives it a decided advantage over 
existing connectors of this type. 

Adding to the efficiency of this rack and panel con- 
nector is the performance-proven Bendix ‘“‘clip-type” 
closed entry socket. Insert patterns are available to 
mate with existing equipment in the field. 

Available in general duty, pressurized or potted 
types, each with temperature range of —67°F to +257°F. 

Here, indeed, is another outstanding Bendix product 
that should be your first choice in rack and panel 
connectors. 


SCINTILLA DIVISION 


SIDNEY, NEW YORK 





Export Sales and Service: Bendix International Div., 205 E. 42nd St., New York 17, N. Y. 
anadian Affiliates: Aviation Electric Ltd., 200 Laurentien Bivd., Montreal 9, Quebec. 
Factory Branch Offices: Burbank, Calif.; Orlando, Florida; Chicago, Illinois; Teaneck, New Jersey; Dallas, Texas; Seattle, Washington; Washington, D. C. 
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the six-position mode of testing usually exposes any 
such defects early in the gyro’s life. 


Six-Position Servo Test Procedure 


A servoed test table mounted on a rotary tilt table 
is a combination which not only simulates actual 
platform operation but also permits a gyro placed 
in the servoed table to be oriented in any of six 
positions desired. As the gyro drifts freely through 
a precise angle, it is timed. To obtain five consecu- 
tive time recordings, the gyro is torqued back to 
its original position and allowed to drift through 
the same precise angle five times. This procedure 
is repeated for each of six orientations (Fig. 1). 
and each group of six-position tests, is, in turn, re- 
peated five times. Between each series of six-posi- 
tion tests, the gyro is inoperative for the length of 
time required for cooling. 

Mass unbalance along spin and input axes, 
restraint levels in six positions, and day-to-day re- 
peatability of these parameters are the data ob- 
tained. Short term repeatability is also taken at 
each position. 


Six position Servo Test Analysis 


The time required for the gyro to drift com- 
pletely through the precise angle mentioned earlier 
is termed the “servo table rate” and is a measure 
of the sum of the torques acting about the gyro’s 
precession axis. These torques, schematically illus- 
trated in Fig. 2, are the result of (1) a component 
of earth’s rate, Ep, along the input axis, (2) a mass 
unbalance, My of the motor float assembly about 
the precession axis, and (3) a constant spring 
restraint, R, about the precession axis. 


Formula Derivations 


Servo test derivation for positions 1 and 2 


POSITIONS 1 and 2 
DEV2 


—: where N = number of readings 


STD. DEV, wn Sete. = .0058°/hr 
STD. DEV2 nye. = .0162°/hr 


Unbalance (spin axis) = Ex fint¢tolf. 








2 
9.843 — 10.300 + 10.710 = —.622°/hr 
rr, | a 
Restraint ., = | or | - Lon | — _10.300 : 10.710 —.205°/hr. 


In the derivations shown above the following is 
assumed: 
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FIG. 2. TIME OF DRIFT is a measure of the sum of 


the torques acting about the gyro's precession axis. 


9.843°/hr = component of earth’s rate along a 

vertical axis, at a latitude of 41.9°N. 

11.372°/hr = component of earth’s rate along a 

horizonal north-south axis, at a lati- 
tude of 41.9°N. 

Earth’s rate, Ep, is positive when it causes a positive 
input to the gyro. 

Mass unbalance along the spin reference axis, MU 
(SRA), is positive when the positive spin refer- 
ence axis is heavy. 

Mass unbalance along the input axis, Mu(IA), is 
positive when the positive input axis is heavy. 
Restraints are positive when acting in a counter- 
clockwise direction about the positive precession 

axis, 

The component of earth’s rate along the gyro input 
axis is greater than the algebraic sum of mass un- 
balance and restraints. 

W, =table rate in position; W.—table rate in 
position 2. 

Upon completion of the operations described for 
six-position servo test procedure, the following typi- 
cal results were obtained for a Model M2516-01A 
floated rate integrating gyro: 





POSITION 1 POSITION 2 

ww a fe — Molen) + Ry ot th ~ Mle! @ 4, 
mst — ft Mle) +R, 3 ot — bk + Miles) + Ry 
~ > — — 
w: — w2 = 2ER — 2Mi(sra) w + wo: = 2Ry 

~ — — _— 

i + 
Melsna) = Ex — SOS R= Oo 
so so 
Mate) = [iol + Lo] rR, = Lol — lon 
2 2 

(From 8-page brochure, “Alpha Series Miniature 


Floated Rate Integrating Gyros,” Kearfott Div., 
General Precision, Inc., Little Falls, N. J. in which 
derivations and typical results for all six positions 
are given.) 
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Du Mont, the pioneer in space-saving and transistor-powered 
cathode-ray tubes for radar, now makes possible the same inherent feaiures in a 

fine instrument read-out tube. The. Du Mont electrostatically deflected K1951 provides full 

scan with deflection voltages of 9-15 volts DC/in. 

If your cathode-ray tube applications call for even greater compactness and power savings—consult the CRT 

Engineering Specialists at Du Mont. Daily advances in the state-of-the-art are being recorded for your benefit. 

A tube to fit your exacting requirements can be designed, developed and produced at Du Mont. 

Whatever your CRT requirements, check with Du Mont first. 
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WRITE for complete details 


-puMONr 
D : precision electronics is our business 


eeceeeeeeereeereeeresreeereee ees 


ELECTRONIC TUBES/INDUSTRIAL TV/MILITARY ELECTRONICS/MOBILE COMMUNICATIONS/SCIENTIFIC INSTRUMENTS/AUTOMOTIVE TEST EQUIPMENT 
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ALLEN B. OU MONT LABORATORIES, INC., CLIFTON, N.J., U.S.A. 
INTERNATIONAL DIVISION * 515 MADISON AVENUE, NEW YORK 22, N. Y. © CABLES: ALBEEDU, NEW YORK 
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OUR FIELD ENGINEERS WILL GLADLY 
ASSIST YOU IN YOUR COOLING 
PROBLEMS 


Air-Marine motors and cooling units have been 
designed and tested to meet the specifications of both 
the military and industry. 


air-marine motors, inc. 


369 Bayview Avenue 2221 Barry Avenue 





Amityville, L.1., N.Y. 4 Los Angeles, California 
o> 
ORS: 
in Canada AAE Limited, Weston, Ontario 


WRITE TODAY FOR OUR NEW CATALOG 


See us at the 1.R.E. Show—Booth 2601 
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Synchronous Modulator- 


Demodulator Component 


Synchronization between rectifier contacts at the 
output and modulator contacts at the input is a require- 
ment frequently met where the circuit input consists 
of a signal and a reference (Fig. 1). The reference may 
be ground in a simple dc amplifier or a feedback signal 
in a servo equipment. Signal and reference are alterna- 
tively sampled by one section of the DPDT chopper so 


OPOT CHOPPER 







REFERENCE i 


FIG. 1. SYNCHRONISM between rectifier output con- 
tacts and modulator input contacts is frequently a re- 
quirement in circuits which compare a signal voltage 
with a reference potential. 





FIG. 2. SPLIT REED 
construction of Air- 
pax DPDT Chopper 
fully isolates the two 
sets of contacts, 
avoiding trouble- 
some feedback while 
achieving close 
tracking. 





that the input to the amplifier is the difference between 
these two voltages. This difference is modulated to 
form the characteristic chopper square wave. 

The sampling action of the chopper—in addition to 
producing the modulation that enables the dec signal 
to be amplified in an ac amplifier—prevents interaction 
of signal and reference circuits on each other, especially 
when they are greatly different impedance levels, which 
could be incompatible were an electrical summing re- 
sistance network used to obtain the difference voltage. 

Coupling capacitor C should have high insulation 
resistance compared to the resistance of input resistor 
R to block stray currents in the amplifier input from 
being modulated by the chopper along with the de- 
sired signal. The balanced output of the ac amplifier 
is synchronously rectified to reconstruct a dc signal. A , 
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made to Joint 
Army and Navy specs 


Tiny yet sturdy. Long 
trouble-free service. Operating 
cycles above minimum required 
by specs. Available in SPST, 
SPDT, DPST and DPDT. DC 
and AC up to 1600 cycles. Made 
to JAN-S-23, MIL-S-6745, 
MIL-S-21195 and 

MIL-S-3950A. 


All parts treated against 
corrosion. Units come with 
mounting nuts and sleeve lock- 
washer. AN switches supplied 
with toggle seal. 


ASK FOR DATA... 


Latest catalog on switches, 
miniature power outlets, lamp 
sockets, harness assemblies, 
etc., sent on request. 


Complete the wiring with 


KULKA ELECTRIC CORP. 
633-643 So. Fulton Avenve 
Mount Vernon, N.Y. 
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filter capacitor (dotted) can further smooth the output. 
Because of full-wave rectification, this capacitance can 
be small. It need be only sufficient to make the output 
time constant long compared to the off-time of the 
chopper, whereas, with half-wave demodulation, the 
time constant is usually made long compared to the 
half period of the chopper frequency. Thus full-wave 
demodulation allows the output circuit to respond 
faster than with half-wave demodulation. 

Also, in stabilized de feedback amplifiers, the split- 
reed construction of an Airpax DPDT chopper (Fig. 
2) fully isolates the two sets of contacts from each 
other, avoiding troublesome feedback through the 
chopper. Close tracking of the two SPDT choppers 
comprising each DPDT unit is assured by adjustments 
to within approximately 5 electrical degrees during 
manufacture. Because they are enclosed in the same 
case, temperature and other environmental changes 
affect both units alike, thus preserving the close-track 
relationship.— (From 2-page technical bulletin C-43 
on 60- and 400-cps choppers, Airpax Electronics Inc., 
Cambridge, Md.) 
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Rejection Rates Cut 


The Pioneer-Central Div., Bendix Aviation Corp., 
Davenport, Iowa, has reported one instance of annual 
savings totalling $38,000 from the use of Sonic Energy 


cleaning in the production of precision gear assemblies | 


with micro bearings (see Figure). 





$i0E View 


ENO VIEW 





OE a 
CLEANING OF MICRO BEARINGS was critical 
task with high rejection rate; now economically and 
efficiently done by sonic energy method. 





Previously cleaned by hand brushing and dipping in 
a 100% chlorinated solution, cleaning of the assemblies 
shown is now accomplished in a Bendix Sonic Energy 
Cleaning System using a solution of Bendix 25-I (water 
detergent) and ammonium hydroxide at a temperature 
of 140°—160°F. Rejects due to contamination which 
previously amounted to 56% have been entirely elimi- 
nated with a savings of $28,000 and the cost of two 
inspectors also eliminated at annual savings of ap- 
proximately $10,000. The cost of the cleaning system 
was amortized in only four months. 
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PERFORMANCE-PACKED = 
PRECISION POTENTIOMETERS 

















UP TO 50K OHMS 


Resistance range: 50 ohms to 50,000 ohms 
+ 5%. 1.5 watts @ 40°C. 

















MINIMUM ELECTRICAL LEAKAGE 


High dielectric materials employed through- 
out with nickel-silver body. 


| 
CLAROSTAT 
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COMPLETELY SEALED 


Meets and exceeds military moisture and 
humidity requirements. 

















RESOLUTION 


08% resolution permits extreme accuracy 
in read-out and setting. 
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+ 2% INDEPENDENT LINEARITY 


+ 2% deviation for actual angular displace- 
ments. Tops for 42” diameter potentiometers. 








MECHANICAL/WELD TERMINATIONS 


Windings terminated with tapered-pins and 
electronic weld. Terminals molded in place. 


direct 
line 
service 
IMMEDIATE 
DELIVERY |! 


Phone your local Clarostat Industrial 
Distributor for popular, standard Series 57 
or military style RV-4 units... for 
fast delivery from local stock. 
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THE DOUBLE ARMATURE MOTOER-- 


A SPECIALIZED TYPE OF D. C. MACHINE 


ANDREW BEKEY, Bekey Custom Motors Div., Genisco, Inc, 


IONEER electrical engineers found a funda- 

mental difference between the physical limits 
for alternating and direct current machines. In an 
ac motor of any given size, the magnetic loading is 
limited by saturation, but the electric loading can be 
increased if the temperature rise is checked through 
cooling by water or other media. The speed can 
be increased to the maximum values of safe hoop- 
stress on the rotor. For these reasons, the size of 
ac machines can be built without physical limit to 
megawatt sizes or in extremely fast, small, water- 
cooled units. 


The Commutation Problem 

However, for dc machines commutation is a major 
limiting factor. Very large units, e.g., 100,000 kw, 
3,600 rpm, are impossible with direct current com- 
mutating machines. From basic motor theory it can 
be demonstrated that for any de motor with arma- 
ture diameter D; armature conductor current Ia; 
and having a number of armature conductors Z, in 
series; the armature loading Q can be expressed by 
the equation 


I, Z, 


Q= , or DQ = I, Zs (1) 





TT 


Also, if a field flux sufficient to induce an average 
emf of e volts per conductor be assumed, the total 
power 

P = rDQe = I, Z,e = Ia E, (2) 
where E = Z,e. 
From this, D—1I,E/rQe = P/rQe (3) 


Although the speed of rotation does not enter 
this equation, e is limited by commutation and Q 
by saturation. If these limiting values are inserted in 
equation (3) we obtain the maximum possible pow- 
er for a given armature diameter or conversely, the 
minimum possible diameter for any given output. 


In contrast to ac machines, the output for a given 
diameter D connot be increased by higher speed, 
because e, the induced voltage, would rise. To limit 
the maximum voltage between commutator bars, the 
number of segments would have to be increased. For 
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a given output current, this requires a larger com- 
mutator, resulting in higher brush speed or shorter 
time to reverse the current in the coil being com- 
mutated. 

To minimize commutation difficulties, a standard 
method is to equip a motor with commutating poles. 
In Fig. 1 the current flowing in the armature will set 
up a magnetic field ¢, due to armature reaction. 
When this combines with the main field flux 4, 
the main field is distorted. Although this distortion 
may be met by shifting of the brushes, magnetic 
compensation is generally used. A compensating 
winding which can be placed in slots in the face of 
the main poles, when connected in series with the 
armature, provides magnetic cancellation ¢, of the 
armature reaction flux. It is evident that this solu- 
tion requires a number of compensating turns equal 
to the armature turns, thereby doubling the resist- 
ance of the armature path without adding to the 
torque produced. 


The Double Armature Solution 


In the quest after increased de machine output, 
the latest development is the double armature mo- 
tor. The double armature motor replaces the station- 
ary field system with a second armature located 
with respect to the first armature so that each is 
using for its main field the reaction field of the 
other. Fig. 2 shows two concentric armatures, each 
having the same number of armature conductors, 
and with stationary brushes 90° from each other. 
Here the reaction field of armature 1 (¢,;) is in the 
correct position to serve as the main field for arma- 
ture 2, and vice versa. 

In the first approximation this double armature 
device has a number of advantages, evident from 
an inspection of equation 3: 

1. The number of active conductors IaZa is dou- 
ble. 

2. The volts induced per conductor being the 
same, the use of two commutators in series gives 
twice the voltage per machine. 

3. If over-all voltage is the same as for single com- 
mutator machine, voltage between commutator bars 


, 


._e| 
c | 





\ 








FIG. 1. CONVENTIONAL DC MOTOR relies on 
interpoles or compensating windings to counteract 
magnetic field shift caused by armature reaction. 
Opposing magnetic fields limit capacity in de motor 
design. 





FIG. 2. EACH COUNTER-ROTATING armature in 
novel two-armature motor produces a reaction field 
which serves as the main field of the other armature. 
Armature, rotating in field ¢q2 is commutated by 
brush pair B;B'; to produce reaction field gq1. This 
is the main field for armatures, which in turn pro- 
duces reaction field dap. 


is half as great for the double commutator ma- 
chine. 

However, because the field structures are elimi- 
nated, the interpoles are missing and commutation 
requires new considerations. Furthermore not all 
conductors are active at all times. 

Several double armature motors were built with 
axial airgaps and some with radial airgaps. In 
the latter case the two armatures are concentric, 
and may assume various configurations, two of 
which are shown in Fig. 3. In Fig. 3, the brushes 
ride on the periphery of both commutators. In Fig. 
3, both sets of brushes bear on the inner surfaces of 
the commutators. 

One result of the mutual sharing of the airgap 
by two reaction fields is that in some conductors 
the emf’s and torques will cancel out, leaving only 
the conductors lying in the regions of maximum flux 
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FIG. 3. TWO CONFIGURATIONS of double arma- 
ture motors. Inner armature (IAC) and outer arma- 
ture (OAC) commutators are labeled. Angle be- 


density to contribute to the net torque and emf. If 
these are called “active conductors” the relations 
between brush angle to percent active conductors, 
percent peak flux density and net torque per ampere 
can be expressed by the curves in Fig. 4 based on 
investigations by Schauer. The influence of satura- 
tion is also shown. 

From these curves we seen that in an unsaturated 
motor with 90° brush angle only 50% of the con- 
ductors are active and, even if there are twice as 
many conductors carrying the same current, the 
net number of active conductors is the same as in 
a single armature motor. Therefore, the torque, and 
consequently the power output, is not increased at 
this brush angle. 

If the effect of saturation is considered, the com- 
parison with a conventional single armature motor 
becomes more favorable. The optimum brush angle 
increases to between 120 and 150 electrical degrees 
and the fraction of active conductors to the 67% 
to 83% range. This represents an increase of from 
33% to 60% over the net ampere-conductors in a 
conventional motor of the same size. 


Double Armature Communication 


In order to appreciate the problem of commuta- 
tion in a double armature motor, we must first as- 
sume that the machine is not saturated. The con- 
ditions are similar to those in a conventional single 
armature motor; however, regardless of the brush 
angle, the coil being commutated is always located 
at the trailing edge of the region of maximum flux 
density. This means that the coil has a voltage in- 
duced in it, but its direction is in opposition to the 
coil current and tends to aid commutation by help- 
ing to reverse the current. For successful commuta- 
tion this emf must be of proper magnitude, i.e., 
equal and opposite to the emf of self and mutual 
induction (also called reactance voltage) which 
tends to retard commutation. 

Instead of the interpoles or commutating wind- 
ings used in conventional machines, it is preferable 
to use the length of airgap L, to establish a balance 
between induced and reactance voltage. For an un- 
saturated machine, it can be shown that by proper 
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tween stationary brushes (not shown) may be 
adjusted for optimum operation. 


choice of the air-gap, this balance can be held inde- 
pendent of armature current: 


D a 
L = 0.2—(2—— . 4 
* ) (4) 


where L = length of airgap 
D = diameter of armature 
P = number of poles 
a = brush angle in electrical degrees 


For best commutation in an actual machine, an 
airgap length somewhat less than the computed 
amount is used to compensate for the reluctance of 
the magnetic circuit. 


For commutation under varying loads an adjust- 
able airgap is recommended. This can be achieved 


































SEND FOR THESE DETAILED 
DATA SHEETS 


ON MINIATURE LAMPHOLD- 
ERS AND INDICATOR LIGHTS 


® No. X3245 — Electronic 
Triggerswitch 
® No. R115 — “Mineon” 
Indicator Light Assembly 
@ No. 101N-022 — Neon 
Glow Indicator Light 
Assembly 
® No. H2005-IL — “Mini- 
space” 2-Pin Lampholder 
® Series 1900 — 2-Pin Lamp- 
holders with Mounting 
Brackets 
® "Tinylite” Midget Screw 
Lampholders 
® No. 121 — “Tinylite” 
Midget Indicator Light 
Assemblies 
and also the Quick- 
Reference Catalog of the 
big DRAKE line. 
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MANUFACTURING COMPANY 


4624 N. OLCOTT AVENUE ¢ CHICAGO 31, ILLINOIS 


MINIATURE LIGHTING SPECIALISTS 
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SPECIFICATIONS 

CENTER FREQUENCIES: Spaced every 170 cycles from 
425 cps to 2975 cps. 

INPUT AND OUTPUT IMPEDANCE — 600 ohms 

PASS BAND: Insertion loss with respect to center frequency 
is less than 2.5 db +43 cps from center frequency and 
matched within 1 db. 

ABSOLUTE INSERTION LOSS: Less than 10 db at center 
frequency. 

ATTENUATION: 
Less than 6 db +60 cps from center frequency. 
Greater than 38 db +130 cps from center frequency. 

DYNAMIC OPERATING RANGE: 
Receive Filters — Input level —5 dbm to —30 dbm. 
Transmit Filters — Input level +5 dbm to —5 dbm. 

RINGING: Less than 10% with a square wave input at 
center frequency. 

TIME DELAY: Less than 300 microseconds. 

OPERATION: Either singly or in parallel. 


MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS 


CASE DIMENSIONS: 156” x 178” x 512” 

TERMINALS: 7 pin subminiature tube socket. 

OPERATING TEMPERATURE: —20° C to +55° C with all 
specifications met at the midpoints of the dynamic oper- 

ating range. 


ADVANCED 
DESIGN 
ane), |= 
FILTERS 


























HERMETICAL SEAL: Per Mil-T-27A 
FINISH: Light gray enamel 


STANDARD TRANSMIT AND RECEIVE 
TONE FILTERS AVAILABLE FROM STOCK 


ELECTRO NETWORKS, inc. 


1920 Park Street °- 


Syracuse, New York 











ELECTRO INSTRUMENTS 
can meet your systems needs NOW... 


with HARDWARE, 


NOT PROMISES! 


Sub-system for the ground support 
equipment on the B-58 Hustler 
program. Measures AC and DC single- § 
ended voltages and ratios, and AC 
and DC differential voltages and 
transients. Chosen for its excellent 
operating characteristics under 
adverse environments. 


Systems shown here are typical of more than 200 designed and 
built by EI and now in use, They range in complexity from data 
logging systems for automatic scanning, measurement and record- 
ing of data from multiple transducers...to high speed, automatic 
checkout systems for missile and aircraft...to systems for auto- 
mating industrial processes, 

Because of the EI modular design approach, many of these 
systems can be delivered on virtually an off-the-shelf basis, elim- 
inating the long delivery times usually associated with system 
development. This approach also results in a low cost system 
because the modules are manufactured in large quantities. Cost 
is almost a linear function of performance capabilities desired. 

Why not talk over your digital system requirements with your 
EI Sales Engineer? His system experience will be a valuable help 
in solving your problem. 











Multi-purpose digital system for measuring a 
variety of transistor parameters while the transistors 
are being subjected to environmental testing. 


Digital read-out sub-system of a large, 
automatic, transistor production 
checkout system. 


you get MORE 
with EI systems! 


MORE VERSATILITY—AC and DC volt- 
ages, AC and DC voltage ratios, ohmic 
resistances, capacitance, frequency, phase, 
inductance, time, or combinations of these 
basic input quantities can be accepted by 
the EI system. 


MORE RELIABILITY— Maximum use is 
made of solid-state and MIL-type compo- 
nents which are designed into conserva- 
tively-rated, field-proven circuits. All 
vendor-supplied parts are exhaustively 
tested and evaluated. 


MORE FLEXIBILITY—Expansion of the 
EI system can be made by simply adding 
appropriate new modules, This approach 
eliminates new engineering development 
costs each time needs change; minimizes 
system obsolescence. 


SAN DIEGO 11, CALIF. 


Electro instruments, Inc. @ soc. 


DIGITAL INSTRUMENTS FOR MEASURING AC/DC VOLTAGES, AC/DC RATIOS, RESISTANCE, CAPACITANCE, AND FREQUENCY © X-Y RECORDERS & ACCESSORIES * DC AMPLIFIERS 
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90 120 
BRUSH ANGLE, ELECTRICAL DEGREES 
FIG. 4. DOUBLE ARMATURE MOTOR Brush Angle 
settings vs other characteristics of motor: Vertical 
Scales are (A) peak magnitude of combined mmf in 
%, of peak mmf for one armature; (B) % active con- 
ductors; (C) Torque/ampere for unsaturated motor 
in % of maximum; (D) Torque/ampere for highly 
saturated motor in % of maximum. 
by axial airgap machine or by conical surface radial 
gap machines. For a fixed airgap best commutation 
is possible only at a particular load. Smaller loads 
produce over-commutation, larger loads under- 
commutation. Some adjustment is possible by 
changing brush angle a but only at the cost of low- 
er than optimum performance. 


Applications 

The double armature motor here described is not 
the end product of a development but only the first 
experimental model, first applied to drive an under 
water device through counterrotating propellors 
(Fig. 5). Even so, it developed 27.7 hp, having a 
weight of 55.5 lbs. It also is interesting to note that 
while the relative speed of the armatures is 4,200 
rpm, each propellor rotates only at 2,100 rpm. 

In this motor, both sets of brushes were riding on 
internal commutators with the inside armature using 
heavy rectangular conductors potted in epoxy resin 
and with the coil extension machined to a com- 
mutator. Both parallel and series connections were 
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Space At An. 
Absolute 
Premium? 


AXIMAX'1 


Ideal for flushing tightly packed 
“black boxes” aboard aircraft and missiles 
where size and weight must be held to a 
minimum, where reliability is critical and 
where high heat loads must be dissipated 
with cooling air. Dimensions 142” x 14”, 
weight 4 ounces. The Aximax 1 will deliver 
23 CFM free air or 19 CFM at 1” W.G. 
Choice of motors for 115 or 200 VAC, 400 CPS, 
1 phase or 3 phase, for either pressurized 
or non-pressurized applications and for 
sine or square wave. Airflow instantly 
reversible by turning fan end-for-end. 
Meets military specifications. 




















Write for complete technical details... 


ROTRON mfg. co., inc. 
WOODSTOCK, NEW YORK ORIOLE 9-2401 





ROTRON 
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tried, and the brush angle could be adjusted from 
90° to 150°. 

Operating characteristics are different for series 
and parallel connection of the armatures. 

In parallel connection, terminal voltages on both 
armatures are constant. If speed-torque current 
characteristics of both armatures are all equal and 
both loads identical, both armatures will develop 
equal torques and draw equal current. However, if 
the load characteristics are different, the armatures 
draw different currents, develop different back 
emfs and produce different reaction fields. Con- 
sequently the two armatures will run in different 
strength fields, and at different speeds. Under these 
conditions the composite field is no longer sym- 
metrical, and the distortion will affect efficiency and 





FIG. 5. DOUBLE ARMATURE MOTOR for driviing 
counterrotating propellers of underwater device de- 
veloped !/5 hp for each lb of motor weight. 


commutation. If either armature is unloaded but 
the other armature is full loaded, the loaded arma- 
ture will lack a proper field and will therefore draw 
excessive current and burn up. For this reason care 
must be exercised against losing the load of either 
armature when they are connected in parallel. 

When the armatures are connected in series, if 
both (or either) armatures are unloaded, the un- 
loaded members will build up to destructive speeds. 
However, with slightly differing loads the torques 
and speeds will adjust and with it the division of 
voltage across the two armatures. However, since 
the currents are the same the field is not distorted, 
and commutation and efficiency are not seriously 
impaired. 

It appears that in terms of increased output per 
volume, the double armature motor may have about 
a 50% advantage over a conventional motor. Al- 
though it appears to be limited to counterrotating 
applications, for these it unquestionably has superi- 
or characteristics to a conventional type motor. To 
the best knowledge of its developers, The Bekey 
Custom Motors Div., Genisco, Inc., Los Angeles 64, 
Calif., no double armature motors are now in pro- 
duction. However, it can be stated that the counter- 
rotating double armature motor is a proven device, 
which can be designed and built to specifications. 
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LIGHT WEIGHT 


ONE OUNCE MAX. 


SMALL SIZE 


ONE CUBIC INCH MAX. 


MINIATURE 
PRESSURE 


TRANSDUCER 
FROM COLVIN 


Actual Size 
1” dia. x 1” long 


This new model of the Colvin Minia- 
ture Pressure Transducer Series 401 
has all the outstanding features of 
the first model — plus a 50% reduc- 
tion in weight. 


High vibration performance 
+35G to 5,000 cps 
Pressure ranges 
Absolute, differential and 
gage pressures 
0-3 to 0-400 psi 
Differential pressures 
+3 to +200 psi 
Standard Nominal Potentiometer 
Resistances 
400 to 10,000 ohms 
Electrical Connection 
Pigmy receptacle or 
soldering terminals 
Mounting 
Flange or bulkhead 




















Write for complete information. 





COLVIN 


LABORATORIES, INC. 
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Modular Packaged Control |De 


| sistor 


he PENALTIES in frequent duplication, my sed 
long lead time, and high costs be avoided tionir 
in the design and construction of control amplifiers Ea 
for aircraft and missile control system? An analysis J 4” .4 
WOLF MER EL, of typical control systems by engineers of Airborne J, , 


Accessories Corp., Hillside 5, N. J., revealed that: | whe, 
1. Each control system employed basic gain 
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@| @ @ O '@ O 4 4 Manager, Systems Engrg. stages to build up its required loop gain. a 
e elole ‘oF Dy ; ’ 2. Each control box used several stages of am- § ont; 
-O0 , Ph kU We; Airborne Accessories Corp. plification which could be replaced by af 4q,,; 
7 - small signal amplifier for low level gain, and ry 

: 'e @ fe) ® Cai * a power amplifier for building up necessary J 4... 
soopnmnonnre it, fs, power to operate load (actuator or actuators). units 
~ e e @ if | Working forward from these common factors, J otar 
On SES , | Airborne recently developed modular or unitized J yp. 


control amplifiers for control systems. Magnetic and equi} 
transistorized power amplifiers are now built to Al 
operate many motors, produced by Airborne and | |,,, di 


AMPHENOL TESTS CONNECTORS other manufacturers from the lowest power up- peral 
10 TIMES FASTER wards. For basic low-level gain segments, pre- | jy) -c, 


amplifiers are also produced in magnetic and tran- 
































































































“We are performing hi-pot and insulation tests on our connectors at cal 
least ten times faster than was possible without our Technical Electronics sndeniiiin equi 
, RAN a 
Company System Analyzer’’. oe + EB ____ MODULAR ACTUATORS regu. 
Joseph Wajda, Department Head Or 
TRANSISTORIZED TRANSISTORIZED 
uality Control Laborator TACH GENERATOR , 
satan Connector Diviston <S)_) etna POWER AMPLIFIER LINEAR syste 
Amphenol-Borg Electronics Corp., Chicago, Ill. . A B lead 
TEMPERATURE ey Pe Lo AC actu: 
—h \ MAGNETIC MAGNETIC Fa ps greal 
Antonie dies YZ ‘se PRE-AMPLIFIER POWER AMPLIFIER engi 
now available for your file POTENTIOMETER ~s4 c D rl —— syste 
explains the many applications 4 as id ac 
of complete automatic testing. =~) } ee en HI -— oc 
For your copy, | E D 
turn to the inquiry card MISCELLANEOUS Ai 
and circle the number below. MODULE CASE netic 











FIG. 1. MODULAR CONTROL, using either transistorized (solid line) or magnetic | as q 


(dotted line) components housed in standardized cases, accepts sensing signals froma Jf... , 


TRCHNICA Le wide range of transducers and drives either high- or low-power actuators. Typical 
L SLECTRONICS COMPANY Airborne Accessory modular units are identified at the top of the page by key letters. ized 
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INPUT 'R8782 R-8780 OUTPUT 
COMMAND 

mi No| +40 db 7 Sy Kure. 
FEEDBACK 

oop 


FIG. 2. GAIN VARIATIONS for different agree 
tions are met by standardized modules through at- 
tenuation in control box programming. 


POWER 


‘ware: TRANSISTOR 
HIGH COND. 
ALUMINUM 
THIN MICA 
SHEET 
IMPREGNATED : 


WITH SILICONE OIL “moout e 
HASSIS 


FIG. 3. HIGH EFFICIENCY in heat dissipation is en- 
gineered into construction of transistorized Power 
Modules. 








Design 


sistorized versions. Such standardized gain pack- 
ages, properly cascaded, provide numerous com- 
binations of control amplifiers suitable for posi- 
tioning or follow-up servos (Fig. 1). 

Each amplifier is packaged in a compact 3” x 
4” chassis. These are quickly plugged in a stand- 
ard control box 5” x 3” x 4” within seconds. 
When a proper combination is selected and the 
two units are programmed within the control box, 
the resulting package is ready to perform many 
control functions which formerly required custom 
design. 

A number of Airborne’s packaged control sys- 
tems are assembled from off-the-shelf standard 
units, incorporating modular actuators, linear or 
rotary, in which design flexibility is achieved 
through interchangeability of parts. Thus, on this 
equipment the need for “specials” is eliminated. 

Also available from stock are transducers in- 
cluding potentiometers, tach generators, and tem- 
perature probes, which sense variations in tempera- 
ture or other variables to control the electromechani- 
cal actuators through the amplifiers. Auxiliary 
equipment such as rectifiers, inverters, and voltage 
regulators are supplied as needed. 

Outstanding advantages of the modular control 
system are: Substantial savings in design time, 
lead time, and overall costs; short delivery time on 
actual equipment; easier field maintenance, and 
greater system adaptability. For many applications, 
engineers can design directly from the matched 
systems. 


Magnetic vs Transistorized Amplifiers 


Airborne conducted a comparative study of mag- 
netic and transistorized equipment by specifying 
as design criteria the same basic transfer functions 
for the magnetic pre-amplifier and the transistor- 
ized pre-amplifier. The same was done with the 
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TABLE |. STANDARD AMPLIFIER MODULE CHARACTERISTICS. 
Chassis Input P 3 Db. 
: i itation | Frequency 
Operati Fall Linear input Lead Power Excitat' 
Module Tomporstare Weight ‘Setpat Region Gain impedance Impedance Output Required Response 
400%” 
Carrier One Input Limited 
One Input 200 V/V n Ont 
Transistorized sa 25 MV RMS sores Two Inputs. — 500 ™ Approx. 28 V oc my 1.3” 
Pre-Amplifi 0.64 Ib ~ i Pp 4 025A By 
sts nave? 120° C* . * | Two Inputs 400 4 125.V/V 6 er : Nominal 50 MW Approx. 400/v 
40MVRMS| SOV" [Thee inputs Carrier 
Three Inputs 100 V/V 
50 MV RMS 
, 4vVDc 2000 ™ 115V 
Magnetic ¥ 8 MW 40 a. 
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*Special temperature and frequency arrangements 
are 3" wide, 4" long, with height as shown. 


are available on special order. All modules 


magnetic and transistorized power amplifiers. 

The study revealed that to attain a given power 
output, approximately equivalent weight penal- 
ties were incurred by both types. As first designed, 
the transistorized equipment appeared to weigh 
less. However, the additional heat-sinking required 
in order to attain dissipation ratings soon counter- 
balanced this weight advantage. Both power ampli- 
fiers, capable of obtaining 25 watts output, weighed 
exactly the same as shown in Table 1. 

As expected, the transistorized pre-amplifier 
proved lighter than the magnetic. At high tempera- 
tures the magnetic amplifiers showed a definite 
advantage in stability per unit cost for the ampli- 
fication of dc signals. It is possible to make stable 
dc amplifiers using transistors with good feed- 
back and chopper design, but the cost is prohibi- 
tive. 

For high power (100 watts output or more), con- 
trolled rectifiers lead in the present state of the art. 
The high efficiency of these units permits high 
power output per unit weight ratio; but they op- 
erate best in the form of a hybrid configuration 
with magnetic amplifiers driving the controlled 
rectifiers in thin time-displaced pulses. 

The control equipment designer will generally 
determine the steady-state and derivative loop 
gains required for a system. Motor performance 
and gear ratio to the output ram or shaft and the 
command transducer gain leave few variables in 
the loop gain; many of these variables are estab- 
lished by the amplifiers. 

For reasonably stiff loop gain performance, the 
amplifier is designed to provide between 10 and 
60 DB of amplification. This is done by selecting 


a representative pre-amplifier and coupling to it 
the matching power amplifier to drive the load. 
For convenience, Airborne is presently providing 
two units of pre-amplification, each with a gain 
of approximately 200 volts output per volt input 
and two units of power amplification, each with 
an approximate gain of 10 volts per volt. The 
cascaded combination delivers a gain in excess of 
60 db which can be attenuated to any desired 
value (Fig. 2). 

Amplifiers are packaged to provide reasonable 
size and weight, adequate heat dissipation, and 
MIL-spec-type rugged construction. The ampli- 
fier sub-assemblies are designed to be received by 
the main chassis and properly transmit generated 
heat to the walls, then down to a conductive heat 
sink. With the transistorized power amplifier, com- 
pact heat design allows further reduction in the 
relatively large heat gradient at the base of the 
transistor. This occurs by spreading the transistor’s 
heat output over a larger plate and then allowing 
the total heat to transfer over a much smaller heat 
gradient created by the increased area between the 
transistor mount and the chassis itself (Fig. 3). 

Airborne anticipates that standardization of 
basic gain packages will substantially reduce de- 
sign repetition and consequent waste of engineer- 
ing manpower. Customers will benefit from shorter 
delivery time and lower costs. With fewer aircraft 
of any one type being produced today—and those 
becoming obsolete at an accelerated pace—modular 
unit design is best adapted to meet the quickly 
changing control requirements of the aircraft and 
missile industries. 
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” THE EVOLUTION of semiconductors, one of 
the goals of the device-maker has been to pro- 
vide the circuit designer with devices capable of 
generating useful power at ever-increasing fre- 
quencies. The direct approach to this problem has 
been to raise the maximum frequency of transistor 
oscillation. Here, while low microwave frequencies 
have been reached', the amount of power available 
has been smaller and smaller as fm, is increased. 
Furthermore, stabilization of transistor oscillators at 
these frequencies is difficult, its degree unsatisfac- 
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FIG. 1. EQUIVALENT CIRCUIT, Varactor Diode. 
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FIG. 2, CONSTRUCTION DETAIL, Philco Varactor 
Diode. 
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The indirect approach consists of multiplying the 
output signal of a low frequency, well stabilized, 
high power transistor oscillator-amplifier combina- 
tion by means of nonlinear elements such as vari- 
able capacitance semiconductor diodes (varactors ). 


Harmonic Generation by Varactors 


The theoretical high efficiency of varactors used 
as harmonic generators has been shown by Manley 
and Rowe?. Other analytical investigations and ex- 
periments made to validate this hypothesis have 
been given in recent literature.*:+-5.© These reports 
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FIG. 3. SERIES RESISTANCE (R,) and Series Ca- 
pacitance (C,) vs. Voltage for Philco Experimental 
Harmonic Generator Diode. 


Semiconductor Microwave Power Sources 
M. M. FORTINI & J. VILMS, Research Div., Philco Corp. 





MARIO M. FORTINI, project engineer in Phil- 
co's Research Division, has been with the com- 
pany since June, 1955. Graduate of the Univer- 
sity of Dayton (Ohio) with the degree of B.E.E. 
in 1955, he also attended the University of Rome 
(Italy) for two years. An IRE member, he works 
with evaluation and application of semiconductor 
devices for high speed switching and for high-fre- 
quency uses. 


JURI VILMS has been a co-op student engineer 
in the Solid-State Circuit Section of Philco's Re- 
search Division since August, 1959—while studying 
for his B. S. in E.E. at Drexel Institute of Technology. 
He is a native of Viljandi, Estonia. 











have characterized the internal parameters of a 
varactor which would yield high efficiency in con- 
verting low frequency power to microwaves. A 
satisfactory equivalent circuit for this type of diode 
is shown in Fig. 1. From a theoretical standpoint, 
the primary element which produces losses in the 
diode is the spreading resistance R,, if the value of 
the barrier resistance R, is large over the reverse 
bias region of the diode. Therefore, a low R, is re- 
quired for high conversion efficiency. Also, of 
course capacitance non-linearity with voltage is 
necessary. 

Finally, considering the power handling capabili- 
ty of the diode, the breakdown voltage must be high 
as shown in the following expression:* 


5W, Cay 
4 


where & is a constant determined by the capacitance 
nonlinearity and the desired harmonic number, 
generally §<1); W, is the input frequency; 
Vopreakdown is the diode breakdown voltage; and C,, 
is an average value of the diode capacitance over 
the operating region. 

It was found that a satisfactory answer to these 
requirements could be found in a structure very 
similar to the Philco microalloy diffused base tran- 
sistor’, by building a diode utilizing only the base 
collector-diode of this type of transistor. Fig. 2 
shows a cross-sectional view of a Philco experi- 
mental harmonic generator diode. 

The main contributor to the value of R, is the 
bulk resistance of the material between the ohmic 
base contact and the collector dot. It is evident from 
the physical structure of this type of device that 


Pes 32 


2 
breakdown 


MILITARY SYSTEMS DESIGN 








the 1 


This 
and 
Fig. 


Fi 
volte 
diod 
vers 
I co 
400n 
Pin = 
ters. 

TI 
agin 
reas 
para 
achi 

Se 
has 
sity 
is a 
veri 
shov 
wit 

A 
vers 
nece 


All 


Ir 
for 
tion 
an 4 

F 
mus 
sion 


hav 
men 


tion 
has 
sire 


larg 


gen 


con 
exp 


Osci 
2N] 
has 


bloc 


Jenua 











T, 
y; 
av 
er 


se 


n- 
se 


bo 


1€ 
‘ic 


at 


IGN 








the value of R, can be made as low as a few ohms. 
This structure also affords high voltage breakdown 
and a capacitance variation of the type shown in 
Fig. 3. 


Experimental Diode Performance 


Fig. 3 shows plots of C, and R, versus reverse 
voltage for an experimental harmonic generator 
diode. Fig. 4 shows the conversion efficiency 
versus harmonic number for the same diode. Table 
I compares the performance of several diodes as 
400mc and 2kmc (fifth harmonic) generators at 
Pi, — 15mw, with pertinent internal device parame- 
ters. 

The data of Table I and other results are encour- 
aging for several reasons. First, it is evident that a 
reasonable degree of optimization of the device 
parameters for harmonic generation has been 
achieved in the best units. 

Second, understanding of the device requirements 
has been strengthened and improved. The neces- 
sity for a low series resistance at low voltage (which 
is also the region of high capacitance) has been 
verified, because this is the parameter which has 
shown the most direct and consistent correlation 
with good performance. 

Also, as higher power levels are used, a high re- 
verse breakdown voltage becomes increasingly 
necessary. 


All-Semiconductor Microwave Power Sources 


In order to utilize these diodes in the best manner 
for producing microwave power, several observa- 
tions must be made with regard to the structure of 
an all-semiconductor system. 

First, it is evident that the transistor oscillator 
must be operated at a frequency where its conver- 
sion efficiency from dc is still sufficiently high. 

Second, it must be noted that, given diodes which 
have an attenuation of 2.5 db in going from funda- 
mental to second harmonic, and a comparatively 
smaller attenuation (less than ldb) for each addi- 
tional harmonic, multiple-step harmonic conversion 
has a definite advantage in efficiency, if it is de- 
sired to multiply the fundamental frequency by a 
large number. 


Following these lines of thought, a harmonic 
generator was developed to give 3mw of power at 
2 kmc. The harmonic generator has two stages of 
conversion, each to the fifth harmonic. A Philco 
experimental diode is used in each stage, and the 
80mc input is provided by a crystal controlled 
oscillator which employs one Phileco MADT type 
2N1158A transistor. The complete power source 
has an overall (de to 2.3kmc) efficiency of 4.7%. A 
block diagram of the power source is shown in Fig. 
5. 


In order to further increase the overall efficiency 
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of an all-semiconductor microwave power source 
of this type one can introduce a transistor amplifier 
between harmonic multiplier stages. 

A feasible system of this type is shown in Fig. 6. 
It will provide an overall efficiency of 11.5% in gen- 
erating 9mw of power at 2kmc. Although this sys- 
tem has not been evaluated as a unit the perform- 
ance of each of the stages (oscillator, harmonic 
generators, amplifier) has been verified. The tran- 
sistor employed in the amplifier stage at 400mc is 
a Philco coaxially packaged microwave transistor’. 

Thus we feel that diode design, with harmonic 
generation as a goal, proves encouraging when as- 
sociated with the proper system design, because 
this combination makes possible generation of 
microwave power with high efficiency. 
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TABLE 1. INTERNAL PARAMETERS OF [ | | 
EXPERIMENTAL DIODES USED AS FIFTH 39 me 
GENERATORS. Units No. 1, 3, 4 8 inn all eas 
and 5 are Philco Experimental Diodes. 3 | 
P,, = 15 mw, f,, = 400 me, f,u: = 2 kme. Be eee me Mm Ma TS 
= | 
CONVERSION AT 0.25 VOLTS AT 5.0 VOLTS pee aenown 4 
ONO (Sth HARM.) R Ce R, Cc, VOLTAGE 8 | | 
DB ohms auf ohms at — | | 
1 12.0 35 =: 0.52 4 0,33 80 r 
2 11.0 30 0.76 30 0.30 75 Bhs , Se See ak ae 
+ £2 tae -s a ote 
5 45 6 076 3 0.58 45 i la 
FIG. 4. CONVERSION LOSS vs Harmonic Number 
for good Philco Diode. 
quumdites 5th HARMONIC yp Bagg 
TRANSISTOR Care eas 80 A. LOAD 
FIG. 5. SEMICONDUCTOR POWER SOURCE, 3 | oscittator [% Spi* 5-040 - ay #8.08me 
mw output at 2 kmce. fo *Sme tin? 8Ome patie ed Po 2 3mw 
Overall Efficiency = 3/64 = 4.7%, eres en yor 
Pac = 64mw 
CONTROLLED Sth HARMONIC| | POWER AMPLIFIER Oth MAnesoNC 
TRANSIST CONVERTER tin *400me wane 50 A LOAD 
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The conquest of outer space has necessitated the 


developent of missile-borne electronic equipment 


which combines the precision of a micrometer with 
the ruggedness of a sledge hammer. Severe envi- 
ronmental conditions, minimum weight, size and 
power consumption plus maximum possible reli- 


ability and operational capability combine to offer 


today’s equipment designer a challenging problem. 


The Millstone Transponder System, the subject of 


this article, was designed with all these factors in 
mind. This article describes the design considera- 
tions involved, environmental and operational re- 
quirements, and the final configuration for the al- 
ready flight-proven equipment. 
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FIG. 1. MISSILE TRANSPONDER for Millstone Radar (MIT) System operating in 
the 450 mc band consists of RF Unit (left) and Video-Power Unit (right) containing 
battery power for 40 hr operating period. 


THE MILLSTONE TRANSPONDER SYSTEM 


GLENN E. PENISTEN and LAFE R. PFEIFER, JR., Missiles Dept., Texas Inst. 


i eerokniate with space vehicles for 
tracking purposes has become increasingly 
difficult as we probe deeper into space. The size 
of the vehicle to be tracked coupled with inter- 
planetary distances makes radar skin tracking im- 
possible. 

The signal received on earth diminishes by the 
fourth power of the distance to the vehicle as the 
signal travels to the vehicle, is reflected, and 
travels back. The tracking range can be greatly ex- 
tended by incorporating a receiver-transmitter in 
the vehicle which will receive the radar signal and 
retransmit a signal back to the ground radar re- 
ceiver. The signal now is diminished by only the 
square of the distance power and range is deter- 
mined by the combination of ground radar trans- 
mitter power and vehicle receiver sensitivity, and 
the vehicle-transmitter power plus ground-receiver 
sensitivity. 

The MIT Lincoln Laboratories Millstone Hill 
Radar is an excellent choice for a ground tracking 
radar. Its high RF power output in the 400-500 mc 
region plus its 85-ft scannable antenna permits re- 
ception at long ranges without complicated, narrow- 
band, phase-locked receivers. The Millstone Radar 
receiver sensitivity approaches theoretical maxi- 
mum for reception from low-power transmitters at 
long ranges. Coupled with the radar is a real-time 
computer which provides accurate and almost in- 
stantaneous tracking information. 

The Millstone Transponder System was designed 


by Texas Instruments from an original Lincoln 
Laboratories (MIT) concept to be used in con- 
junction with the MIT Millstone Radar. This equip- 
ment extends the tracking capability of the Mill- 
stone Radar to distances in excess of 40,000 
nautical miles and provides the accuracy so neces- 
sary in vehicle satellite tracking. It is the first 
completely solid-state device transponder operat- 
ing in the 440 mc region and uses advanced cir- 
cuitry and packaging techniques with great success 
to satisfy all environmental demands of missile- 
borne equipment. 


Transponder Conformation 

The complete transponder, pictured in Fig. 1, is 
comprised of 40 transistors and diodes plus asso- 
ciated components. One package, the RF unit, con- 
tains the filter, duplexer, mixer, 30 mc IF amplifier, 
2nd detector, local oscillator, and transmitter. The 
second package, the video and power supply unit, 
contains the video bandwidth filter, video ampli- 
fier pulse width discriminator, accurate pulse gen- 
erator, modulator, and batteries sufficient for 40 
hours continued operation. The complete trans- 
ponder system weighs only 6.34 lb including bat- 
teries. The maximum dimensions including mount- 
ing base plates are 2.75” x 6.59” x 7.37” for the 
video and power supply unit and 3.96” x 7.15” x 
6.75” for the r-f unit. 

The components for the RF circuitry are 
mounted in individual modules, usually by stage 


Inc. 


or function, and then potted into place. Fig. 2 
shows a typical module and the components which 
are to be assembled inside it. This construction 
technique provides the ultimate in shielding as 
witnessed by the fact that the transponder has 
operated without false triggering or saturating 
when subjected to high levels of RF energy from 
radar transmitters of C through X band. This is 
virtually impossible with any other packaging 
technique and represents an advance in the state 
of the art in packaging miniaturized RF circuitry. 
Other advantages of this packaging technique are 
minimum volume, ease of assembly and alignment, 
and interchangeability of modules which contrib- 
utes to productivity. Circuitry thus packaged is ex- 
tremely rugged as evidenced by the fact that RF 
modules in the Millstone Transponder System have 
successfully withstood vibration inputs up to 100 G. 


Receiver-Modulator Circuit 


Fig. 3 shows a block diagram of the transponder. 
The signal received at the antenna is filtered by a 
band-width filter and then enters a strip-line du- 
plexer, which directs the received signal from the 
filter to the mixer, the transmitter output to the 
filter, and the local oscillator signal to the mixer. 
A secondary function is to provide the proper load 
to the filter, transmitter, and local oscillator. The 
30 mc output of the mixer is amplified in a hard- 
limited, 6 stage, 100 db gain amplifier of 1 mc 
bandwidth. Gain stability of the amplifier is better 
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FIG. 2. COMPONENTS ENCAPSULATED in single module of circuit are compared 





with ''two-bits" for size. Vibration immunity to 100 G and excellent RF shielding are 
gained by this construction. 


FIG. 3. STABILITY AND RELIABILITY are features of All-Solid-State circuit designed 


for high efficiency although weight and space are minimized. 
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NEW TANSITOR TANTALUM CAPACITORS 
OFFER SPACE 
SAVINGS 
UP TO 50% 


TES Plug-in Type are Rated at —55 to +85 C 


Tansitor’s new TES tantalum foil capacitors provide more capaci- 
tance in less space than axial types of comparable performance. 
That’s because both leads emerge from one end, so only one seal 
is required, with consequent savings in length. 


The welded leads are completely encapsulated too. Hence solder- 
ing can be done close to the end of the capacitor without damag- 
ing the welds, The combination of 
shorter length and minimum leads 
makes possible space savings up 
to 50% —a mighty important fac- 
tor in applications such as printed 
and transistorized circuits for min- 
iaturized military or commercial 
electronic equipment. 


TES CAPACITOR 
CHARACTERISTICS 
¢ Can operate at surge tempera- 
tures up to 125 C for several 
hundred hours — with some 
voltage derating 
150-volts operation and under 
Polar or non-polar 
Plain or etched foil 
Neutral electrolyte 
Low leakage current 
Long shelf life 





MORE CAPACITANCE, LESS WEIGHT 
Combined volume of 40 TES Capaci- 
tors equals that of large paper ca- 
pacitor which far outweighs them. But 
combined capacitance of TES capaci- 
tors is 24,000 microfarads to only 4 
for paper capacitor, 


FOR FULL DETAILS on TES plug-in or other types of tantalum 
capacitors, write Tansitor Electronics, Inc., Dept. 10, West Road, 
Bennington, Vermont. 
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Peerless 
Radio Distributors Inc. 
92-32 Merrick Road 
Jamaica 33, N. Y. 


TANSITOR DISTRIBUTORS 


Electronics Center, Inc. 
211 West 19th Street 
New York 11, N. Y. 
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/ Engineering 


Designed to dry air and gases under 
pressure (ranging from 1000 to 6000 
psig) to dew points of -160° F, the 
Kemp High-Pressure Dryer is con- 
structed for simplicity of operation 
and long life. It offers the advantages 
of: convenient location of instruments 
... no adjustment required from zero 
to 100% of rated capacity... contami- 
nation eliminated without purging... 
uniform and complete reactivation by 
electric heaters located for high effi- 
ciency and durability . . . welded steel 
seamless towers hydrostatically tested 
at 50% above design pressure. 


y) Experience 


Supplying dry air, helium or other 
gases for pressurizing rocket fuel sys- 
tems, conveying rocket fuel, operating 
servo-mechanisms, wind tunnels and 
instruments, the Kemp High-Pressure 
Dryer has proved itself at many launch- 
ing stations as well as research and in- 
dustrial plants. This unit’s reliability of 
performance under all circumstances 
reflects Kemp’s solid background in 
these specialized applications. 


For full details on Kemp High- 
Pressure Desiccant Dryers or any other 





or write for Bulletins D-108, D-109. 


It always pays 
to come to 


KEMP 


OF BALTIMORE 





Kemp Dryers, contact your Kemp Rep- : 
resentative listed in the Yellow Pages | ~ 





405 E. Oliver Street 
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THE C. M. KEMP MANUFACTURING COMPANY 
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than + 3 db over the environmental temperature 
extremes). The pulsed 30 mc signal is then de. 
tected in the 2nd detector, and amplified in the 
2-stage video amplifier which includes a_band- 
width reduction filter in its output. This filter re- 
duces the bandwidth to 18 kc, thereby improving 
the signal-to-noise ratio by 14 db. 

The pulse is then fed to the pulse width dis- 
criminator, a double integration circuit connected 
in parallel with a gating diode, which discriminates 
against any pulse less than 1 msec in duration. The 
trailing edge of any resulting pulse is fed to an ac- 
curate pulse generator which consists of a bistable 
multivibrator, a ramp function generator, com- 
parator, and a blocking oscillator. The output of 
the pulse generator is a 2 msec + 15 psec duration 
pulse. This pulse is then amplified in the modulator 
and used to pulse-modulate the transmitter. 





Oscillator Circuits 

The transmitting frequency is originated by a 
110 me, crystal-controlled oscillator. This signal is 
amplified by a class-A buffer amplifier and then 
doubled twice in class-C doubler circuits. The re- 
sulting signal is amplified in a class-A transistor 
final amplifier whose output is approximately 40 
mw at 440 mc. The buffer, doubler, and final 
amplifier receive their collector and emitter volt- 
ages from the modulator, accomplishing pulse 
modulation. 

The local oscillator signal is generated at 102.5 
mc by a crystal controlled oscillator. It is then 
amplified in a class-A buffer amplifier. This signal 
is then fed to a times-four (x4) varactor multiplier 
which is very efficient, drawing no de power. It 





comprises a variable reactance diode and a high = 
Q filter tuned to the fourth harmonic of the incom- de 
ing signal. The resulting 410 mc signal is directed me 
to the mixer by the duplexer. co 

Power for the complete transponder is furnished lo 





by a twenty-cell buildup of Yardney type HR-l 
silver-zinc cells connected to furnish +- and — 15 
volts. Sufficient power is available for approxi- 
mately 40 hours of operation. 


Circuit Features Reliability — 


Circuitry and packaging evolving from the de- 
sign and development of the Millstone Transponder 
paves the way for many reliable applications of 
transistors and varactor multipliers in RF circuits 
suitable for space communications and _ tracking. 
From a complete stress analysis of the system, the 
calculated mean-time-before failure for the system 
is 2,500 hours (excluding battery) based upon a 
prelaunch time of 6 hours and a flight time of 4 
hours. Probability of successfully completing a 
mission of 6 hours prelaunch time and 4 hours ” 
flight time is 99.6% (including minimum 40 hour 9s 
battery life). 
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Bi-Stable Logic Switching 
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DELAYED LOGIC Switch opera- 
tion simplifies design of low-re- 
sistance logic circuitry, utilize 
motor power for driving of actual 
contactors as programmed by 


logic circuitry. 
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Tally logic switches have the following advantages 
over standard relays in delayed logic circuitry: (1) 
They can perform functions which cannot be eco- 
nomically performed by standard relays; (2) con- 
sistently reliable and repeatable operate and drop-out 
times simplify design and logical analysis; (3) low- 
resistance circuitry can be used to implement logic; 
and (4) switches sense their own bistable state with 
their own contacts. 

Tally switches are packaged in a shelf which makes 
the proper connections, provides mechanical linkage to 
rotating clutch members (Pinion Wire Drive), and 
includes a fractional horsepower motor to drive clutch 
members. 

The schematic circuit represents a series of logic 
switches arranged to function as a shift register. In 
this application, each incoming pulse shifts the in- 
formation (position state) position 1 over to position 
2, the information in position 2 over to position 3, etc. 

The first pulse to arrive compares the state of the 
input switch with that of the logic switch in position 1. 
If the states agree, no action is required. If they do not 
agree, the need for a change is momentarily “remem- 
bered” but not yet “executed”. At the same time, with 
the same pulse, the still unchanged state of logic 
switch 1 is compared with that of logic switch 2. If a 
change is needed, this is remembered by logic switch 
2 but not executed. 

Similarly, down the line, the same pulse causes logic 
switch 2 to be compared with switch 3, switch 3 to be 
compared to switch 4, etc. Any changes needed to pass 
the information one position along are “remembered” 
for later action. 

After the pulse has expired, those elements which 
need to be changed are switched by action of the motor 
driven pinion where escapement and latch position 
allow this change. All others remain unchanged. A 
second pulse, which can arrive as early as 1624 ms 
after the first, would similarly pass the contents along 
and set the first position to agree with the new state of 
the input switch. 

As a consequence of the delayed action of Tally 
switches, all circuits are switched in so-called “dry” 
condition, leading to unusually good contact life 
and ratings. (From information in new 8-page bro- 
chure, “Tally Logic Switches”, Tally Register Corp., 
5300 14th Avenue, N. W., Seattle 7, Wash.) 
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HERMES TIMING EQUIPMENT 






Model 270 
DIGITAL 
TIMING GENERATOR 


= 


Model 220 
RETARDED 
BIT RATE UNIT 





Model 202 
MAGNETIC 
TAPE SEARCH UNIT 


Hermes Timing Equipment is specifically designed 
to correlate precise timing signals with data on differ- 
ent recording media such as recording cameras, 
plotting boards, strip charts and high or low speed 
oscillographs. This timing equipment consists of a 
Digital Timing Generator and Retarded Bit Rate 
Unit which operate during periods of data acquisition 
and a Magnetic Tape Search Unit which operates 
during periods of data reduction. 

Digital Timing Generator, Model 270, is an all 
solid-state instrument which generates binary coded 
decimal signals as recorded on magnetic tape pro- 
viding a precise digital index in terms of elapsed time. 
The Generator also visually displays the exact time 
in hours, minutes, and seconds as illuminated digits. 
An Airborne Digital Timing Generator, Model 206A, 
which meets all the essential requirements of MIL-E 
5400 is also available. 

Retarded Bit Rate Unit, Model 220, operates in 
conjunction with Timing Generators, Models 270 or 
206A, to provide a pulse-height, pulse-width signal, 
for recording time on equipments other than mag- 
netic tape recorders. 

Magnetic Tape Search Unit, Model 202, is used 
to control a magnetic tape transport during periods 
of data reduction for automatically searching the 
tape on the basis of time indices previously recorded 
by any one of the two Timing Generators. The 
Retarded Bit Rate Unit, Model 220, can also be used 
with Model 202 for reproducing time on oscillographs 
as previously recorded on the tape. 

Auxiliary equipment including a Run Code Selec- 
tor, Model 225, for inserting data run code numbers 
and a Tape Input Programmer, Model 230, for auto- 
matically programming tape search are also available. 


Write for Technical Bulletins 
on Hermes Timing Equipment. 


Hermes Electronics Co. 
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FIG. 1. RUGGED ELECTROMECHANICAL ACTU- 
ATOR, the Flat Armature Torque Motor, is widely 
used in electro-hydraulic, electro-pneumatic and hot 
gas servo systems. 


FIG. 2. TORQUE MOTOR Configuration. 


SMALL DISPLACEMENT 
ELECTROMECHANICAL ACTUATORS 


NICHOLAS D. TRBOVICH, President, Servotronics, Inc. 


T he flat armature torque motor (Fig. 1) is a 
small displacement electro-mechanical act- 
uator. Designed and constructed to provide a linear 
displacement and output force proportional to the 
input control current, this actuator is utilized exten- 
sively in electro-hydraulic, electro-pneumatic, and 
hot gas servo systems. The flat armature torque 
motor when incorporated into a control system pro- 
vides a most reliable and rugged control component. 


Torque Motor Operation 


A diagram of a typical flat armature torque motor 
is illustrated in Fig. 2. The armature of this device 
is supported by two shafts which serve as torsion 
springs. Various mechanical spring rates of the 
shafts are obtained by varying the web thickness 
of the machined cruciform section. The shaft is 
rigidly affixed to both the armature and the stain- 
less steel frame of the torque motor, which insures 
infinite resolution. Two coils, located on the arma- 
ture on either side of the cruciform section, are 
wound in opposite directions The permanent mag- 
nets of the torque motor provide the polarizing 
flux which assumes the path indicated by the dot- 
ted lines in Fig. 2. The permanent magnet flux 
also serves to reduce the mechanical spring rate. 
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In other words, the permanent magnet has the 
effect of a negative spring which subtracts from 
the stiffness of the mechanical spring. 

The solid lines in Fig. 2 indicate the flux path 
due to the application of input control current of 
one polarity to the two coils. The control flux due 
to this input current is reinforced by a portion of 
the polarizing flux from the permanent magnets. 
The differential current produces an increase of 
magnetic flux in two of the four air gaps and a 
corresponding decrease in the remaining two. The 
armature of the torque motor will then rotate in the 
direction of the increased flux level and will assume 
a stable position at the point where the centering 
force due to the torsional spring equals the force 
resulting from the input control current. 


Linearization Techniques 


Several approaches have been attempted to min- 
imize the “square law effect” in the linearization of 


. torque motors. One of these approaches has been 


controlled saturation of the armature by reducing 
its cross section. Although this method will increase 
the linear portion of the no-load displacement curve 
by as much as 10%, there is a substantial loss in 
midposition force or force available to drive a load. 
Therefore, this method of linearization is not recom- 





TABLE |. PERFORMANCE CHARACTERISTICS, 


SERIES 20 FLAT ARMATURE TORQUE MOTORS. 




















MODEL 20-1 20-2 20-3 20-4 
Stroke (in.) +.006 +.007 +.008 +.015 
Output Radius (in.) .650 593 .750 906 
Midposition Force (Ib.) 2.5 5.0 8.0 13.0 
Hysteresis (%) 2 2 2 2 





Resonent Frequency 
(CPS) 940 790 580 400 





Max. Power Req'd 
(Watts) 1.6 2.65 3.1 5.2 


Weight (oz.) 2.8 5.8 8.8 18.5 








mended unless the output force desired is relatively 
unimportant. The most widely acceptable and con- 
venient method of obtaining a linear output is by 
designing the air gaps to be sufficiently large with 
respect to the desired displacement. Mechanical 
stops are usually incorporated to insure no more 
than the desired output. In this manner, the “square 
law effect” shown by a rapid increase in gain at 
the end of the armature stroke is minimized to a 
practical limit ( Fig. 4). 


Torque Motor Rating 


The midposition force of a permanent magnet 
torque motor is that force that the torque motor 
will produce at its neutral position when rated 
input current is applied. This force level is uti- 
lized as a means of rating a torque motor. Approx- 
imately % of the mid-position force is available 
at the end of the armature stroke. This is ob- 
tained by adjusting the mechanical spring rate of 
the torsion spring so that full unloaded displace- 
ment is provided at 35% to 40% of rated current. 
Fig. 3 illustrates a typical mid-position force 
curve for a torque motor with a rated 5-Ib out- 
put. 

In practical applications, a torque motor is us- 
ually working into a load (either constant or vari- 
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able). The output characteristics of a torque mo- 
tor when it is incorporated into a system is best 
illustrated in Fig. 4. The solid lines are the out- 
put displacement curves of a typical torque mo- 
tor when it is operating into a constant load of 
various magnitudes. However, as is more often 
the case, the load is variable with respect to dis- 
placement (i.e. the Bernoulli force acting on a 
hydraulic control spool; the opening and closing 
of a nozzle). When this occurs, the output of the 
torque motor assumes the curve as indicated by the 
dotted line. It should be emphasized that Fig. 4 
is a typical curve to be expected from a torque 
motor that does not incorporate saturation of the 
armature to gain its unloaded displacement lin- 
earity. If the armature saturation were utilized, 
the succeeding family of curves at various load 
levels would saturate earlier thus limiting and 
distorting the output. 


Dynamic Response Characteristics 


Inherently, flat armature torque motors have very 
high dynamic response. This feature is due to 
the very low inertia of the armature. Its very 
high natural frequency (several hundred cycles 
per second) enables it to be incorporated into 
systems without any damping. It is recommend- 
ed that the torque motor be driven from a high 
impedance source to realize the optimum in fre- 
quency response characteristics (Fig. 5). 


Torque Motor Applications 


The most common utilization of the flat arm- 
ature motor is to directly drive a hydraulic con- 
trol spool in a single stage servo valve. Because 
of its design symmetry, the armature of the torque 
motor is very easily mass-balanced and rendered 
insensitive to acceleration forces. 


The weight and size of a torque motor is deter- 
mined primarily by its performance require- 
ments. Although a family of “off the shelf” torque 
motors (Fig. 1) are available with various perform- 
ance characteristics (Table 1) which will fulfill 
the specifications of the majority of applications, 
frequently specific requirements require custom 
designed torque motors. In these cases, the torque 
motor can usually be constructed to take advant- 
age of the peculiarities of the system in which 
it is to be incorporated. An illustration of this 
is the design of a torque motor to be utilized 
to control the hydraulic or pneumatic pressure 
in a pair of nozzles as illustrated in Fig. 6. 
Under this condition, the torque motor is operating 
into a load which varies with respect to its dis- 
placement. This type of load can be equated to the 
mechanical spring of the torque motor. Thus, if 
this spring rate is known, the net spring of 
the torque motor can be reduced by that amount. 
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FIG. 3. MIDPOSITION FORCE Curve for Flat Arma- 
ture Torque Motor with 5 lb rated output. 
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FREQUENCY (EPS) 


FIG. 5. HIGH DYNAMIC RESPONSE enables Flat 
Armature Torque Motors to be incorporated into 
Servo Systems without damping. 


This approach has been utilized to a great extent 
in the design of two-stage servo control valves. 

The effects of virtual cancellation of the torque 
motor mechanical spring-rate by its magnetic 
spring rate can be better appreciated by consider- 
ing the result of completely removing the torsion 
spring from the torque motor. The armature would 
then be in a state of conditional stability. With any 
input or disturbance the magnetic force would 
completely displace the armature in one direction, 


— (LOAD - 8X) —~ 
LONDED OVSPLACLEMMENT —— (40RD -2X) 

(L040 <x) — 
UNLOADED LU SPLA CEMENT —~_ 





VARIABLE LOAD 


O/SPLACEMENT 7 e 
/ % 
- 














LAISHLACE MENT 





4 
47 
7 


4/7 
77 
4% 
7 
‘47 
7 
aa 


INPUT CONTROL CURR LNT 


























LOADED OVSFLACEMENT 
CHARACTER S7T/CS 


FIG. 4. LOAD-CURRENT DISPLACEMENT Curves 
for typical Flat Armature Torque Motor. 
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FIG. 6. TORQUE MOTOR Application in Electro- 


Pneumatic Two-Stage Servo. 


and close one nozzle. This nozzle would remain 
closed until the control pressure became greater 
than the magnetic force. The armature would then 
completely close the opposite nozzle and repeat the 
process. This process yields the fastest possible pres- 
ure response. 

In practice, the mechanical spring is weakened 
rather than removed in order to insure valve and 
system stability. The mechanical spring charac- 
teristics should approximately cancel the slope of 
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the magnetic force characteristics. The armature will 
then completely close the nozzle with the ap- 
plication of an input current and hold it closed 
until the control pressure creates an opposing force 
equal to the net force created by the input cur- 
rent. The armature will then reposition itself to 
maintain this control pressure. The opposite end 
of the armature (Fig. 6) can be utilized to either 
mass-balance the torque motor or to complete a 
mechanical feedback loop. This type of force trans- 
ducer action is particularly desirable in pneumatic 
systems which require high response in addition to 
overall system linearity. 

Servotronics, Inc. has also custom designed a 
sealed torque motor which has a linear output 
in excess of 0.012 of an inch at a power input 
of less than 0.1 watt. This unit was designed in such 
a manner that all motor components including the 
armature and coils are isolated from the environ- 
ment of the operating medium it is controlling. 
Therefore, any contaminant in the operating med- 
ium (whether it be hydraulic oil or jet fuel) will 
not effect the operation of this unit. The complete 
torque motor weighs only approximately 2.8 ounces. 
Such a torque motor is particularly use- 
ful in the control of hydrogen peroxide. 

Torque motors have also been utilized with suc- 
cess on tape seekers for computers. The tape is 
threaded between a roller (which is connected 
to the torque motor armature) and a capstan pulley 
which is driven at a constant high speed. When 
the tape is to be engaged the torque motor is 
energized. Its armature displacement forces the 
tape into intimate contact with the capstan, re- 
sulting in instantaneous tape movement at a high 
velocity. The high dynamic response of the flat 
armature torque motor makes it particularly de- 
sirable in this application. A high performance con- 
trol unit has been constructed for a hot gas ap- 
plication utilizing a suspension plate valve and a 
torque motor. The standard Servotronics’ torque 
motor operates continuously in ambient tempera- 
tures of 450°F. Specialized torque motors to operate 
in excess of 700°F have also been constructed to 
meet specific requirements. Development work to 
build torque motors to operate continuously in 
excess of 1000°F is now in process at Servotronics, 
Inc., 190 Gruner Road, Buffalo, 25, N. Y. 

Equally as important as the high performance and 
output of the torque motor is its reliability and rug- 
gedness. The Servotronics’ Model 20 series torque 
motors combines the maximum of ruggedness, low 
weight, and high performance, made possible by 
its “unitized” construction. Pole pieces, magnets, 
coils and armature are rigidly contained and affixed 
to a non-magnetic stainless steel frame to elimi- 
nate breakage or operational instability under 
shock or vibration. 
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FIG. |. FLUSH- 
ING etched pan- 
els minimizes arc 
draw and edge 
wear if the cir- 
cuit is a part of a 
sliding contact. 





FIG. 2. HYDRAULIC PRESS with heated platen is 
used to flush circuits. Second cold press for cooling 
flushed circuit while still under pressure may be used 


FLUSHING COPPER CONDUCTORS IN PRINTED CIRCUITS 


GEO. J. MULLER, Taylor Fibre Company 


F LUSHING etched panel wiring—pressing the 

copper conductor to bring it flush with the base 
laminate—minimizes arc draw and edge .wear when 
the circuit is part of a sliding electrical contact. When 
given this protection the area of electrical contact re- 
mains constant. 

Although there is no standard method for flushing 
etched circuits, the Engineering Department of Taylor 
Fibre Co., Norristown, Pa., recommends a procedure 
which, with variations to suit particular circum- 
stances, will prove best under most conditions. 

To test the degree of flushing, a stylus with a crystal 
pickup may be run over the flushed surface. With the 
output of the pickup connected to an oscilloscope, a 
straight line will be displayed if the circuit is perfectly 
flush. If it is not, the obstruction will cause a “blip” 
in the line. A similar method can be used to detect ob- 
structions audibly. Another quick method is to run a 
fingernail across the circuit. It should not catch on 
the copper. A good flushed circuit should have no 
voids around the edges of the copper and no ap- 
preciable reduction in the thickness of the laminate. 
Typical flushed printed circuits are shown in Fig. 1. 


Selection of Base Laminate 


The ability to flush an etched circuit successfully 
depends to a great extent on the base laminate, as 
some grades are better adapted to this process. For 
example, etched circuits can be readily flushed when 
using Taylor’s grades XXXP-242, a phenolic resin, 
paper-base laminate that can be cold-punched up to 
1/16” thickness, and GEC-500, an epoxy resin, glass 
fabric laminate. 

The quality of copper is also important. Taylor uses 
rolled copper foils of better than 99.5% purity, which 
because of its close grain structure and surface 
smoothness is ideally suited to receive hard surfacing, 
like rhodium plating, to increase resistance to sliding 
wear. 


Equipment 
Flushing equipment consists of a hydraulic press 
with platens that can be heated to 450°F and then 
rapidly cooled. The press must be properly aligned. 


Also needed are two hardened steel plates, no less 
than 3/16” thick, of the same size as the press platen. 
Top and bottom surfaces of these plates must be 
ground smooth and parallel. Layers of hard kraft 
paper are also needed for cushioning to compensate 
for slight irregularities in thickness of the laminate 
and the copper. 


Typical Lay-up 

A typical assembly of material to insert in the 
press is: 

1. Four or five sheets of 11-mil kraft paper. 

2. A flat-ground steel plate. 

3. The etched circuit to be flushed. 

4. The second flat-ground steel plate. 

5. Four or five sheets of 11-mil kraft paper. 

It is advisable to apply a thin film of releasing 
agent, such as stearic acid or one of the silicone 
greases, to the steel plates before assembly to prevent 
the laminate from sticking when hot-pressed. Excess 
releasing agent should be wiped off with a paper 
towel before assembly. 


Suggested Flushing Procedure 

1. Raise platen temperature to 400°F. 

2. Insert lay-up. 

3. Close press (Fig. 2) to a pre-set pressure of 
from 500 tol000 psi for phenolic resin, paper base 
laminate; and 2000-3000 psi for epoxy resin, glass- 
fabric laminate, as calculated over the total area of 
the base panel. 

4. Maintain pressure and heat for 10 minutes for 
phenolic-resin, or 20 minutes for epoxy-resin lami- 
nates. 

5. Holding the lay-up under pressure, rapidly cool 
the platens to room temperature. This prevents the 
copper from creeping above the surface of the laminate 
when the pressure is relieved. An alternate method 
is to transfer the hot lay-up to a second cold press in 
which the pressure is again applied. This method ac- 
celerates cooling and permits production of a second 
circuit simultaneously in the hot press. One cold press 
can thus cool the output of two hot presses. 
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BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 








DIRECTIONAL 
GYRO 


This compact new gyro, 
designed for application in 
high-performance aircraft 
and missiles, provides ex- 
tremely accurate attitude 
data. Its liquid bubble-type 
vertical sensing element 


portional to spin axis dis- 
placement from horizontal, 
while minor wiring modifi- 
cations permit sensor con- 
nection to leveling torquer, 
completing inner axis level- 
ing loop. 


TYPICAL 
CHARACTERISTICS *A2215 


Environmental Capabilities 
Vibration: 
5g, 20-1000 cps; 10g, 1000-2000 cps 
Temperature Range (operative): 
—54°C to +71°C 
(non-operative): 
—65°C to + 85°C 
Altitude: Unlimited 


Azimuth Pickoff 
Excitation: 
26V, 400 cps, single phase 
Output (sinusoidal): 
11.8V + 5% max. 
Error from E.Z.: 10 min. max. 


Motor 
Excitation: 
115V, 400 cps, three phase 
Speed: 23,500 RPM 
Power: Starting: 35. watts 
Running: 7.5 watts 


Performance Characteristics. 
Drift: 4°/hr. max. 
Leveling Rate: 
Between 2° and 4°/min. 
Azimuth Torquing Rate: 
360°/min. (intermittent) 
40°/min. (continuous) 


Synchronous Motor 











generates error signals pro- _ 


Write for complete data. 


BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


VERTICAL 
GYRO 


Kearfott’s rugged new ver- 
tical gyro, designed for 
missile application, is a 
two-degree-of-freedom in- 
strument with 360° of 
freedom about inner gim- 
bal axis. Self-contained 
vertical erection system in- 
corporates liquid bubble- 
type vertical sensing de- 
vice. 
















































TYPICAL 
CHARACTERISTICS *B2115 


Environmental Capabilities 
Vibration: 
5 g, 20-1000 cps; 
10 g, 1000-2000 cps 
Temperature Range (operative): 
—54°C to +71°C 
(non-operative): 
—65°C to +-85°C 
Altitude: Unlimited 
Pickoffs 
Excitation: 
26V, 400 cps, single phase 
Error from E.Z.: 10 min. max. 
Output Voltage (line to line): 
11.8V + 5% max. 


Motor 
Excitation: 
115V, 400 cps, three phase 
Power: Starting: 35 watts 
Running: 7.5 watts 


Performance Characteristics 
Repeatability of Established 
Vertical: 

To within a cone of half angle 
equal to 12 minutes of arc 
Scorsby Drift Rate in 5 Min. Time: 
0.3°/min. (average) 
Erection Rate: 
Normal: Between 2° and 4°/min. 
Fast: 80°/min. intermittent, 
40°/min. continuous 


Physical Features 
Anisoelastic Drift: 
0.08°/min/g2 at resonance 
Weight: 5.5 Ibs. (approx.) 
Mass Unbalance: 0.1°/min/g 































Write for complete data. 


Ferrites 


Rotary Switch 


Engineers: Kearfott offers challenging oppcrtunities in 
advanced component and system development. 
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FREE GYRO 


A highly reliable, two- 
degree-of-freedom instru- 
ment utilizing AC synchro 
transmitters at each gimbal 
axis. Designed to operate 
under the most severe mis- 
sile conditions, this gyro has 
AC torquers mounted at 
each gimbal axis to permit 
command positioning or 
slaving of spin axis to de- 
sired reference position; 
each torquer capable of 
producing a precession 
rate of 360°/minute with 
12.5 watts/phase power 
input. 
















































TYPICAL 
CHARACTERISTICS #02315 


Environmental Capabilities 
Temperature Range: 
(operative): —54°C to +71°C 
(non-operative): —65°C to +85°C 
Altitude: Unlimited 
Vibration:. 10g, 10-2000cps 
Pickoffs 
Excitation: 
26V, 400 cps, single phase 
Output (sinusoidal): 
11.8V + 5% max. 
Error from E.Z.: 10 min. max. 


Motor 
Excitation: 
115V, 400 cps, three phase 
Speed: 23,500 RPM 
Momentum: 
2.25 x 10° gm cm2/sec 


Caging and Preset Provision 
(Electrically energized torquer type) 
Excitation: 115V max./phase 
Torquer Constant: 

22.8 dyne cm/Volt2 


Performance Characteristics 
Free Drift: 
5°/minute each axis 
Runup Time: 
1 minute max. 
Torquing Rate: 
360°/min. (intermittent) 
40°/min. (continuous) 



































Write for complete data. 






KEARFOTT owision 
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GENERAL PRECISION inc. 


LITTLE FALLS, NEW JERSEY 


Midwest Office: 23 W. Calendar Ave., La Grange, III. 
South Central Office: 6211 Denton Drive, Dallas, Texas 


West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 











Higher Mercury Puritfor 


MISSILE control engineer, commenting on the 
A pressing need for high-purity materials, has 
stated that “a multimillion dollar rocket can be lost 
because a few ounces of mercury vital to the func- 
tioning of an ignition tube electrode is contaminated 
by as little as 3 parts per ten million of a noble or 
base metal.” 

Because this Space Age demand is also in line with 
super clean mercury requirements for other uses in 
electrical, laboratory and exacting control and instru- 
ment applications, the Bethlehem Apparatus Com- 
pany, Hellertown, Pa. has developed and is now op- 
erating a completely automatic three-stage vacuum 
still.1 Due to the high operating efficiency and auto- 
matic features of this system, super-clean mercury 
can be produced at no additional cost. To handle vol- 
ume a second still has been made and installed. Both 
units are shown in Fig. 1. 

Each unit of the still consists of three kettles, 
eighteen inches in diameter, hung from balance 
beams; and below them two reservoirs, holding 2000 
pounds of mercury. The temperature is controlled 
thermostatically at 220° C, +5°. The rate at which 
mercury is fed from the raw mercury tanks and the 
burner settings are automatically regulated so that 
each kettle holds the same quantity, about 150 pounds. 
At the exit of each kettle (Fig. 2) a spiral trap pre- 
vents entrained droplets from being carried through. 
Note the term “Triple Distilled” has been so flagrantly abused 


in the trade that it is meaningless on a label. The user should 
get direct assurance from a vendor on this point. 





FIG. 1. CONTINUOUS TRIPLE-VACUUM Distilla- 
tion systems for high-purity mercury production are 
completely automatic. Each triple still produces over 
1900 Ibs/day of super-clean mercury such as is 
needed in ignition rectifier control tubes. The trans- 
fer buggy holding 600 Ibs is being filled by gravity 


flow. 
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After passing this trap the mercury vapor escapes 
through the vertical control pipe to the water-cooled 
condenser above and thence down the inclined pipe 
to the next kettle, or in the case of the last kettle, to 
the reservoir for refined mercury below. All metal 
parts with which mercury can come in contact are 
made of stainless steel. 

The Hulett principle is used in this still; that is, 
moist air is bubbled through the mercury in the first 
two kettles, to oxidize any lead, zinc, cadmium, tin, 
copper, or other oxidizable metals that may be 
present. With this admission of air the vacuum is 
held to 10-15 millimeters. 

Since the still is operated continuously, with only 
occasional supervision during the day and none at 
all at night, in addition to the normal regulating 
elements a complete set of emergency controls has 
been installed. If the water supply should fall or if 
for any reason one of the kettles should become too 
light or too heavy within narrow limits, the whole 
system is immediately cut off. An exhaust fan is pro- 


_ WATER 









































FIG. 2. SINGLE STAGE MERCURY Still and Con- 
denser, Schematic Diagram. Three stages of this 
type operating in tandem are required to produce 
the highest purity mercury, needed in missile con- 
trol systems and other applications. 
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TINY IN SIZE 
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Miniature Vane Axial Blower 
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his is the newest development in EAD’s growing 

family of “V-LINE” Vane Axial Blowers. Maximum 
air delivery plus top efficiency (watts in against air out) 
in an extremely compact package — just 1.5” in total 
length, less than 2” in diameter. The unique mechanical 
and aerodynamic design incorporates EAD’s highly- 
reliable 1” diameter motor for highest fan speeds and life 
in excess of 1000 hours at 125°C. In addition to 2-pole 
characteristics listed, there are 4 and 6-pole designs and 
models for operation from 1600-cycle and variable fre- 
quency power sources. Meets MIL-E-5272A, MIL-E- SPACED ON A232 DIA 
5400B, other specifications. Write for complete data on vane tex 
this and other “V-Line” models. 








25000; 25 


TYPICAL CHARACTERISTICS 20000 


1.5” total length 
1.990” housing dia. 
@ Available with: 


@ 115 voits, 400 cycles s 
single or three phase 


STATIC PRESSURE 
. Ps 


19,000 rpm nominal 10000 
1. Leads i 
65 CFM at 0” SP 2. Terminals on mounting ome 
flange 


3. Terminals on housing 
@ Weight, 4.3 oz. 








* 
© 
@ 35 CFM at 2.3” SP 
@ 37-40 Watts 


SPCED 





crm 


V1HJ-G8-3C 











Rotation is a science at 


EASTERN AIR DEVICES, INC. 


SUBSIDIARY OF NORBUTE CORPORATION « 345 CENTRAL AVENUE, DOVER, NEW HAMPSHIRE 
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vided for drawing air from the covered reservoirs to 
prevent any mercury fumes from escaping into the 
room. 

A transfer buggy shown along the side of the still is 
used for handling the clean mercury to assure maxi- 
mum security against contamination. The tank of the 
buggy, which holds 600 lbs, is filled by a tube passing 
through a hole in the top. When full, the hole is closed 
by a screw cap, the buggy wheeled wherever desired 
and the enlarged head of the discharge tube (contain- 
ing a heavy filter pad) is held to discharge at the 


(IN LESS THAN ) 
4 SECONDS 








WITH THE REVOLUTIONARY 








RGOUS TOS BID TOS%! proper location by air pressure applied to the tank. ys 
This quickly for t the mercury, even to a consid- | 
ss 9@ q y forces ou y> ne 
PIG-TAILOR erable height, until only a couple of ounces remains tyt 
behind. THREE NEW INSTRUMENTS in matching me 
‘ >> enclosures for testing at the three most 
Purity Tests are Rigid " . — commonly used frequencies...DC, 1 KC 
The production of each triple still is about 40 lbs = meee and 1 MC. Available in three versions, 
an hour which in a 24-hour day amounts to over es automatic, semi-automatic and inexpensive 
1900 Ibs. The purity obtained is believed to be very : manual units with no operator decision 
the cemveveries high and certainly meets the most rigid tests available, sat ? required. 20 
onan oy ap $125.00 which are as follows: ° : 79 





TYPICAL ANALYSES ON VACUUM —— ss a 































































































































‘*PIG-TAILORING’’ c 10 
@ revolutionary new mechanical process for TRIPLE-DISTILLED MERCURY RANGE ACCURACY PROD. RATE 2 
higher production at lower costs. Fastest Batch Ne. & tion (PPM) dese hic (PPM)* - 
PREPARATION and ASSEMBLY of Resistors, batc o. Evaporation pectrograpnic Cc it 100 f to 15 uf | +0.3 D di feed = 
Capacitors, Diodes = “4 boned oe Silver Copper Gold _— reduced accuracy. natn ” - 1500 oer Teer aman toe » , 
components for TERMINA ’ : a ** Resi © more than 5000 per hour > 
CIRCUITS and MINIATURIZED ASSEMBLIES. 506 0.025 0.1 - 0.3 0.1 - 0.3 ND esistance . v5 Fp nog +0.3% with automatic feed. a 
PIG-TAILORING eliminates: + Diagonal cutters 507 0.025 0.2 - 0.4 0.1 - 0.3 ND Impedance 10 ohms to 5 megohms, +0.3% 3-10 
« Long nose pliers « Operator judgment » 90% 508 0.025 0.1 -0.3 0.1 -0.3 ND higher at reduced accuracy. 6 
operator training time + Broken components « é 
Broken leads + Short circuits from clippings « 509 0.075 0.1 - 0.3 0.1 - 0.3 ND 
yy bw fern yh nga a 510 0.025 0.1 -0.3 0.1-0.3 ND “20 
PIG-TAILORING provides: « Uniform component 511 0.025 0.1 - 0.3 0.1 - 0.3 ND MODEL AG-4-4 DC LIMIT BRIDGE 
se onllnrnegry e= » an PB oon fs Values of 0.1-0.3 PPM mean that the line in the spectroscope td 
nals + “U"" leads for printed circuits + Individual ‘ is barely detectable and should not be interpreted quantita- RANGE ACCURACY 
cut and bend lengths » Better time/rate analysis tively." 
7 oe as —- aoe ne ** ND (not detectable) » | 10 ohms to 100 ohms.| +0.3% : 4 YT} 4 
Pays for itself in 2 weeks & | 100 ohms to 
y Methods of Analysis SB | 5 megohms. +0.1% Depending on feed apparatus 
Evaporation test—A composite sample weighing 2 | 5 megohms to So aaaee thee TONE der baer 
'“SPIN-PIN’’® 2000 grams is drawn during the bottling operation eae SOSH =| Oe ettemete Hee. 
jo gna . from each 1200 lb lot. This sample is evaporated com- 
cer pln er pletely in a vacuum of 100 microns at 450°F. and the - 
tailored-lead wire to residue weighed. AB-5-1 1 MC LIMIT BRIDGE* 
terminal. : . 
ae Training By this method the error is reduced so that accur- RANGE ACCURACY PROB. RATE ‘ 
* No Pliers ate determination of all non-volatile material includ- 0~1000 wut in two ranges. | 44% from | Depending on feed apparatus ; 
* No Clippings : : Capacit (+ tolerance 0— 100% | 0-500 mmf | —1500 per hour manual feed 
© Uniform Crimps ing noble and base metals hag be made in parts per — “tolerance 0-25%) +1% to | to more than 5000 per hour _ 
* 22 Sizes ‘ ten million. (A. C. S. specifications call for analyses 1000 mmf | with automatic feed 
PAYS FOR ITSELF of samples weighing 20 grams permitting accurate 
THE FIRST DAY! = determination no greater than parts per hundred *Can also be used for continuous measurement 
$ 500 — thousand.) 
nn s , . Industrial Instruments has pioneered in the 
pectrographic Analysis—A 3-gram sample of mer- design and development of production test 
cury is dissolved in nitric acid, evaporated to dry- equipment for key testing and manufacturing 
ness. The residue is thoroughly mixed with graphite operations. Let us show how the proper FI 
d th — ‘ det =e, h equipment can pay off in reduced costs of 
a a ee ee ro © ieee direct labor, higher productivity and consistent ré 
and Lomb 1.8 meter spectrograph , utilizing an East- high quality in your end product. tk 
m. man Kodak SA-2 plate. The 3281 A line of silver Write today for full information to... . 
. . . . a 
is measured with a photoelectric densitometer. The 
BRUNO-NEW YORK INDUSTRIES CORP. reading is correlated to concentration through a pre- ht trial f if. i th i 
SIGHERS & WANUFACTURERS OF ELECTRONIC EQUIPMENT A HS. MSUUMEMIS AULOMALION COLp. 
viously established calibration chart. is 
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FIG. |. EXPANDED SCALE Voltmeter, consisting of 
de microammeter combined with built-in expansion 
network bridge, provides high accuracy with field- 
type ruggedness in new control and support equip- 
ment metering applications. 
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FIG. 2. PHASE-SENSITIVE Demodulator Output is 


linear over the significant range of operations. 


NON-LINEAR BRIDGE NETWORK 
TUNGSTEN ELEMENTS 


E; RING DEMODULATOR 
GAIN RESISTOR 


v 
FIG. 3. EXPANSION BRIDGE Network has two 
resistors selected to equal the thermal elements at 
the input voltage corresponding to the left end of 
the scale. At this voltage the bridge is symmetrical 
and no current flows through the microammeter. 
input voltage rise unbalances the bridge and drives 
the microammeter. A phase-sensitive demodulator 


is incorporated in the microammeter to detect the 
direction of unbalance (above or below null). 
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PRECISE VOLTAGE MONITORING 





WITH EXPANDED SCALE METERS 


BOB CARTER, Beckman Instruments, Inc. Helipot Div. 


oe. AC POWER supplied for in- 
creasingly complicated electronic and sup- 
port equipment has become too exacting a job for 
most conventional panel-mounted instruments and 
in some cases, even the laboratory standard. The 
expanded scale ac voltmeter, such as those present- 
ly produced by the Helipot Div., Beckman Instru- 
ments, is an effective answer to measurements 
where accuracy over a limited voltage range is es- 
sential. The expanded scale meter provides all the 
ruggedness and environmental capabilities of the 
conventional meter, plus accuracies as high as 0.3% 
(Fig. 1). 

This instrument consists of a standard de micro- 
ammeter and a stable, nonlinear bridge which is 
balanced at the voltage corresponding to the left 
end of the scale. For example, in an expanded scale 
voltmeter with a range of 110 to 120 volts the bridge 
is balanced at 110 volts. Any increase in applied 
voltage results in bridge unbalance which is applied 
to the microammeter until at 120 volts the meter 
is driven to full scale deflection. Voltages below the 
balance point also result in bridge unbalance, so 
that the polarity at the microammeter is reversed, 
which holds its pointer against the left hand stop 
(Fig. 2). 

The high accuracies obtained in this technique 
are the result of transposing the error of a low range 
instrument to a percentage based on a much higher 
value, plus some small allowance for the nonlinear- 
ity of the bridge. In the example above the micro- 
ammeter covers a range of from 0 at 110 volts to 
full scale at 120 volts. Therefore, its basic range can 
be considered to be 0-10 volts. In a standard 2% 
instrument the error in a 10 volt scale is 0.2 volts. 
With an additional 1% allowed for bridge nonlinear- 
ity, the total error is 0.3 volts. Expressed as a per- 
centage of 115 volts, this is a little less than 0.3% 
error. It follows that a wider scale range will result 
in a corresponding decrease in accuracy. Thus, a 


range from 105-125 volts (20 volts) will provide an 
accuracy of +0.6 volts, or approximately 0.6%. 

Of almost equal importance is the resolution, or 
readability, of the Expanded Scale Voltmeter which 
is increased by the same factor as the accuracy. This 
allows quick, sure readings taking full advantage of 
the instrument’s accuracy. Also, mirrored scales— 
or similar complications—are not required. 

Two types of expansion networks are employed 
in these instruments. One is essentially true rms 
sensing (Fig. 3), the other is average sensing. Both 
offer the same basic advantages, although the rms 
sensing unit is generally preferred because of the 
severe effect which distortion of the input waveform 
can have on the output of the average-sensing de- 
vice. These distortion effects are almost impossible 
to anticipate because of the complex relationship 
between a given amount of distortion and resultant 
waveform. It is not unusual for 5% distortion to af- 
fect the indication of an average-sensing type in- 
strument by 2%. Average-sensing instruments do 
offer the advantage of lower power consumption; 
nominally one watt instead of two, and so are pre- 
ferred when wave form distortion is not a factor. 

Because expanded scale voltmeters vary in im- 
pedance across the scale, multiplying resistors are 
not used with this type of mvter. Instead they are 
furnished in multiple range types for applications 
where more than one voltage is to be monitored. 
This is generally done by tapping the input trans- 
former. Where the expansions (in percentage) are 
unequal, the bridge output varies between ranges, 
requiring that separate current limiting resistors 
for each range be provided in series with the micro- 
ammeter, and complicating switching somewhat. 

Direct current versions of the expanded scale 
voltmeter, which provide the same high accuracy 
and readability as the ac instruments, also are avail- 


able. 
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Electropneumatic Valve NORTH HILLS’ 
Positioner —— 
Accuracy and responsiveness of pneumatic valve 
positioning is facilitated by a new force-balance elec- e.. 
tro-pneumatic positioner, designated the Masoneilan pe 
Model 8010. This device provides an accurate means a 


of obtaining a valve plug position directly propor- 
a Sem i >) KA tional to a low power dc input signal. It also provides 
LJ a convenient and accurate method of split-ranging CURRENT GOVERNOR 


controller output signal for sequential operation of two Model CS-117 
or three control valves by a single controller. It is fo 
available for either direct action (increase in electrical Constan t Cur t en t 
signal increases output pressure) or reverse action (in- © Precision — 
. * . * Torquer 
crease in electrical signal decreases output pressure) pt ans istor and Diode Tester 


on direct (air-to-push-down) or reverse (air-to-push- 


up) actuators. » High hoon allt Stability grammetle 





For testing and measurement of gyros, N 0 
transistors, diodes, clutches, solenoids, 
meters, other current sensitive devices. Cor 
© Current Range is 0.1ua to 150 ma with 
6 decade multiplier 
@ Regulation and stability 0.002% — 


@ Accuracy 0.005% If you 
In use by leading companies for gyro you t 
torquer supply, transistor avalanche test, is spe 
diode PIV test, clutch testing, calibration. wiring 
Literature describing this and other h 
constant current sources from 0.10 to Eac 
30 amp. may be obtained from- switch 





NORTH HILLS | unlimi 


ELECTRIC COMPANY, INC 
402 SAGAMORE AVE., MINFOLA, W.Y. Ploneer 7-0555 





The new system is said to combine the desirable 
characteristics of electronic control with the power and 












































smooth throttling action of pneumatic valve control. rte onthe arorwnttthr : 
Operation 
With direct action an increase in the output signal 
of an. electronic controller causes the coil to produce Th 
a force on the beam (see diagram), moving the flap- ate 
per to cover the nozzle. The increase in nozzle back ar 
pressure causes the relay plug to close the exhaust The { 
seat in the diaphragm block and open the inlet seat, forme 
increasing positioner output pressure to the control easy 
valve actuator. The resultant valve stem motion is A 
transmitted through the take-off linkage and positioner 'D 
Airpax engineers design advanced data and process con- levers to the force balance spring, extending the spring B J SERIES — 
trol equipment for industrial and military applications. until the force exerted by it on the beam balances the ELE 
The illustration shows a magnetic amplifier Propor- Nviaitanee: 2 force of the coil. As these two forces tend 7 
‘ é . — be . to equalize, nozzle back pressure decreases, allowing Low Cost Sub Miniature Elec- 
tional Logic Network. High gain, highly reliable PREAC te an i 1 - tb the 
i ifi i ional coincidence o Hany pag to cinee Ee inlet —_ and = the ox tronic Time Delay Relay De- | 
magnetic amplifiers drive the poapernens : haust seat. The system then is in equilibrium and po- y Y ie 
gates producing, in effect, a two dimensional servo drive. sitioner output is stabilized at an amount necessary signed primarily for ground sup- ze 
Custom design falls naturally into the capabilities of the ” Se —— og oc port equipment .5, |, 2, 3, 5 -| 
highly skilled group of Airpax engineers. Each a specialist there is theoretically no flow of air into or out from and 10 sec. delays available a 
in a particular field, the composite effort of the group the relay. Actually, a small bleed is provided between from stock —24 to 32 Volts : 
will result in the solution of your most complex problem. supply and output to increase relay responsiveness 2. ¢ 
when at equilibrium. : - 
Ask for the Special Magamp Bulletin. eer action (increase in electrical signal de- ere 
creases output pressure) is obtained by reversing the 
input ia wh and rezeroing the ha. sonata : PARKO ELECTRONICS CO. a 
The basic electrical circuit of the positioner has a 2639 S. La Cienga Blvd. 
nominal resistance of 2600 ohms designed to receive Los Angeles 34, Calif. 4. ¢ 
seit a 1 to 5 ma de input signal. However, this circuit is q 
SEMINOLE DIVISION @ FORT LAUDERDALE, FLORIDA also available in other values to accommodate the dc a 
CIRCLE 31 ON READER-SERVICE CARD CIRCLE 33 ON READER-SERVICE CARD 
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NOW! Automatically Control and Test 
Complex Electro-Mechanical Systems | 


with 


° effe / 


If you’re having trouble testing complex electro-mechanical systems, it will pay 
you to investigate DIT-MCO’s 250F2M Electro-Mechanical Systems Analyzer. It 
is specially designed to control and test integrated devices and their associated 
wiring by simulating controlling assemblies and monitoring their action. 
Each of the Analyzer’s 200 test positions can perform up to 36 independent 
switching functions. Its capacity to control complex systems, therefore, is almost 
unlimited. In each test position the 250F2M will: 

1. Actuate all necessary resistive devices and provide termination-to-ter- 

mination tests of each circuit for continuity and discontinuity. 


2. 


3. 
stants where desired. 
4, 


Simulate conditions which allow it to operate and test each resistive 
device in the circuit under test. 
Provide for visual measurement of resistive values and time delay con- 


Provide switching capabilities which enable monitoring of circuit con- 


ditions with external detecting devices. 
These capabilities make it possible to achieve extremely high standards with 
complex relay chassis and similar systems, thus eliminating borderline errors 
which can lead to malfunction under operating conditions. 
The 250F2M uses DIT-MCO’s exclusive Matrix Chart to put complete circuit in- 
formation right in front of the operator’s eyes. The machine is easy to operate, 
easy to interpret, easy to adapt to any test. Write today for full details. 


DIT MCO 


ELECTRONICS DIVISION 
Box 02-27, 911 Broadway 
Kansas City 5, Missouri 

In me in Angeles area « In the New York City area 


egon 8-6106 Ph. MUrray Hill 2-5844 
Pn Gan 5-1123 
Home Office Kansas City 


Ph. HArrison 1-0011 





SPECIFICATIONS: 





Congiaass Test 
A. Test Voltage 28 V.D.C. 
B. Roane EE ss scicntascsesituncitandons 1 ampere 





C. Continuity Resistance 
antl adjustable from 0.3 ohms to 10 ohms 


2. Conan -Discontinuity Test 
YY V.D.C. 
.. ey RRS: 


. Test Voltage 
ampere 
6. Soeeneny Resistance..0.3 ohms to 10 ohms 
. oe Resistance 
--..2.5 Megohms reject, 3 megohms accept 
3. Short Test 

















> Test Voltage D.C. 
i  —_—IeREREAS 0.03 od bt 
C. Short Resistance oi ER eh et: 
& os ~— - .5 megohms reject, 3 megohms accept 
A. 0 
My fanas._. to 200 wenn 





5. 


2. 


. Power Requirements 





Timer (Standard) 

o 60 minute range, 0.2 second scale division 
©, Sova. .0.1 sec. per operation at 60 cycles 

Timer (Optional) 

A. 60 minute range, 0.01 second scale division 

B. Accuracy ..0.002% per operation +1 division 


A. 100 to 125 V.A.C. 55 to 65 cycles (stand- 
ard timer) 

B. 100 to 125 V.A.C. 50 to 400 cycles (op- 
tional timer) 

— Energization 
8 V.D.C. and 110 V.A.C., 60 cycles are 
provided for external energization of re- 
lays or other resistive devices, isolated 
from test voltage. 

B. Other voltages may be supplied by external 
power supplies and switched as external 








energization or other test purposes. 
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input of nearly all the electronic controllers presently 
on the market. Typical circuits available include: 








Input Current Load Requirement | M-N Transducer 
de Signal of Controller Input Resistance 
ae ee See eS ee — 
1-5 made 3,000 ohms (max) | 2,600 ohms eee | 
1-5 made 12,000 ohms | 12,000 ohms 
10-50 ma de 600 ohms *500 ohms 








*Controller manufacturing specifications may require addition of a 
resistance so that the total load requirement of controller (i.e. 
600 ohms) includes line resistance. 


Performance 
Speed of the positioner with integral relay and at a 


normal 20 psi supply pressure, varies with the actuator 
size and valve stroke, as shown in the table below: 























ACTUATOR SIZE VALVE STROKE | SPEED 
(inches) (seconds) 

"2 15 

9 ¥, | 1.8 

i Vy | 2.8 

| 3.3 

4.9 

13 | Vy | 6.3 

VA | 9.4 

15 2 | 11.4 
2'\/, 21 
18 3i/, 29 
4 32 





From 4-page catalog Section 305-14, Mason-Neilan 
Div., Worthington Corporation, 51 Nahatan St., Nor- 


wood, Mass.) 
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| Introducing 





A LOW- PRICED 


SCOPE DOLLY 


* Sturdy steel, gray baked-enamel fine 
ish, meets military specifications 


* 5” ball-bearing rubber tired casters 
%* Rubber gasket protects scope 

* 3 power outlets; 1 input 

* Storage area for pre-amplifiers 


* Storage shelf for tools, cord, etc. 


Accommodates any standard scope by 
easy bracket relocations. From 6” to 
12%” wide; from 1644” to 2244” long. 


$59% 


F.O.B., Phila. 


Shipped knocked down (45 lbs.), assembled 
in minutes. Special modifications to suit your 
requirements. Quantity prices on request. 





Choice territories available for sales 
representation. Write for information. 











ORDER FROM: 


P.B.R. manufacturing co. 
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for engineers s! 


’ FANPAT—ihe remorkable tri-c 
fate that is pre-printed with Be 
‘standard and repetitive blueprint 

‘items, easily transferred to your trac- 
ings by an adhesive back or 
Relieves time-consuming and ted 
detail of re-drawing and re-lette 
specification and revision 

standard symbols, sub-asse 
“components and cross-sections, 
hundreds of) expensive hours 
drafting time and money, frees 
engineer for concentration on 
creative work. Z 


‘so simple to use: 
PEEL the Wi-acetate c adhesive 
from its. backing.’ i 


@ PLACE the tri-acetate in pe 
tion on the tracing. 

into position, will nat 
wrinkle or come 
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STANPAT CO., Whitestone 57, W. Y., U.S.A. 
| Phone: Flushing 9-1693-1611 Dept. 154 
Please quote on enclosed samples. 
Kindly send me STANPAT literature and | 


Title. | 
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DESIGN IDEAS FOR ELECTRONIC ENGINEERS: 


How to design better 
analog computing circuits 


with Vernistat” a. 


Analog computers typically use such 
components as potentiometers, resolvers, 
and linear synchros to relate shaft posi- 
tion to voltage. In most applications, to 
reduce the effect of loading error, high 
impedance circuits, and phase shift, a 
substantial amount of additional equip- 
ment, such as isolation amplifiers and 
auxiliary power supplies, is required. 
Size, weight, heat dissipation, and pos- 
sibility of failure are thus greater than 
if loading error, phase shift, and high 
output impedance problems did not exist. 
Typical of a class of equations which 
are incorporated into much analog com- 
puter circuitry is the relation 
Eout = [K + A(01)] B(O2) + C(O). 
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ONE WAY TO SOLVE this relation is 
shown in this diagram of a conventional 
resistance potentiometer computing cir- 
cuit. Such circuits, however, suffer from 
excessive phase shift, particularly at 
high frequencies. 

Due to high potentiometer output im- 
pedances, the circuit requires an isola- 
tion amplifier in the multiplying channel, 
while summing resistors and a feedback 
amplifier are required in the addition 
section. Both of these amplifiers, as addi- 
tional components, add a factor of unre- 
liability and use more power, increasing 
the problem of heat dissipation. 


A MORE EFFICIENT WAY TO SOLVE this 
equation is with Vernistat a.c. Potentio- 
meters. The Vernistat is an ideal com- 
ponent for analog computer systems. Its 
combination of a tapped autotransformer 
and an interpolating potentiometer 
uniquely provide characteristics unob- 
tainable with other types of shaft posi- 
tion-voltage devices. The Vernistat pro- 
vides precise voltage division, high input 
impedance, low output impedance, and 


c. potentiometers 


low phase shift. These characteristics 
directly relate to the design of improved 
computer circuits. 
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FOR EXAMPLE, in the computer circuit 
shown here, multiplication may be per- 
formed without the aid of an isolation 
amplifier, because of the Vernistat’s high 
ratio of input to output impedance. Addi- 
tion is accomplished by utilizing voltages 
of opposite phase in the two computing 
channels obtained by a tapped input 
transformer. By eliminating the ampli- 
fiers of the preceding circuit, a reduction 
of size, weight, heat rise, and power re- 
quirements is obtained. With fewer com- 
ponents required, there is an over-all 
increase in reliability. 


IN SOLVING DESIGN PROBLEMS like 
these, Vernistat a.c. Potentiometers offer 
such major advantages as: low output 
impedance (as low as 40 ohms) with 
high input impedance (as high as 200,- 
000 ohms) — high resolution (to 0.002% ) 
—low phase shift (as low as 0.2 min- 
utes)—and high terminal linearity (to 
0.01%). Vernistats meet the require- 


ments of MIL E 005272-B, and operate 
at 125°C without derating. 





WRITE TODAY for full description and 
specifications on Vernistat a.c. Potentio- 
meters, Adjustable Function Generators, 
and Variable Ratio Transformers. 


AT THE IRE SHOW, VISIT US IN BOOTH 2828 


*vernistat® — a design concept that unites in one compact device 


the best features of the 


precision autotransformer and the 
multiturn potentiometer 


767 Main Avenue, Norwalk, Conn. 


Perkin-Elmer Gyno 
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Simplicity is 
Virtue of Cobra Missile 


True simplicity is a rare attribute of modern missiles 
in any size or type. However, a guided missile now 
secheduled for early evaluation by the Marine Corps 
as a Gyrene-transported and operated anti-tank weap- 
ons system can not only claim simplicity but is unique 
in other ways. 





FIG. |. "COBRA" Anti-Tank Missile is guided from 
small box on knee of Marine. 


A contract for 100 of the new missiles, designated 
The Weapons System 810 Anti-tank Missile, has been 
placed with Daystrom, Incorporated, Murray Hill, 
N. J., for evaluation by the Marine Corps. Although 
these will be manufactured by Boelkow Eltwicklungen 
K. G. of Munich, West Germany, Daystrom plans 
eventually to produce them at its plant in Archbald, Pa. 

Weighing only 28 lbs packed in its styrene foam 
case, the 20.2 lb missile requires no launching ramp 
and utilizes a guidance control box weighing only 4.4 
lbs. It attains a velocity of 191 mph and can achieve 
a kill in excess of 1 mile range, penetrating up to 21” 
armor with a shaped-charge warhead. Two of the 
missiles can be handled readily by a single Marine 
and both can be readied for firing in about three min- 
utes preparation (Fig. 1). Up to eight missiles can be 
connected to a single controller for firing in sequence. 

Guidance depends on 28v dc electrical impulses 
transmitted to the guidance mechanism of the missile 
over a fine, silk-wrapped 2-wire line. These impulses 
control the vibration of four spoiler vanes on the mis- 
sile tail, enabling the Marine to guide it up, down, right 
or left. He can control the COBRA from a position up 
to 100 yards from its launching spot by means of a 
cable reel extension. Another innovation is the stabiliz- 
ing gyro which is brought up to 12,000 rpm speed by 
a stout cord, anchored to the ground at the launching 
point. This procedure, similar to that used to spin a toy 
gyroscope, indicates the simplicity employed in the 
system to make it inexpensive, light, and easily main- 
tained. The gyro provides a guidence reference in 
that it roll-stabilizes the missile while in flight. The 
control box uses a short “joystick” which is pushed 
forward for nose down, back for nose up, right and left 








Resistance 
Tied 
100 Millio 


(t 3-70" 


MEGOHMS ! 






High Voltage Resistors 


From a miniature “% watt 
resistor, rated at 250 volts, 
to the 100 watt resistor, 
rated up to 125 KV. 
Tapped resistors and matched 
pairs also available. Low 
temperature and voltage 
coefficients. 


Few can match—and none 
can exceed—the stability 
and performance of rpc 
HIGH VOLTAGE RESISTORS! 
Ask anybody who uses them. 


Tolerance—15% standard. 
10%, 5% and 3% available. 
2% in matched pairs. 


Further information or 
engineering assistance 
gladly supplied. 


NaC UG: 
PRODUCTS 
COMPANY 


914 S. 13th St., Harrisburg, Pa 
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target and the missile while it is in flight. 

The evaluation contract includes not only the cost of 
the 100 missiles and auxiliary equipment but also an 
electronic trainer-simulator which enables the Marine 
missileman to develop the skill necessary to guide the 
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ARE YOU 
MEASURING... 


¢ Actual life span of 
your equipment? 
* Consumption of rated FIG. 2. ELECTRONIC Trainer exercises missilemen 
life of critical equip- without expenditure of costly missiles. 
ment or components? missile without expending a large number of practice 
P i P 


* Mean-time-to failure? rounds. (Fig. 2). On the scope of this trainer a moving, 
programmed spot is guided toward a target circle by 


a “joystick” similar to that on the missile system con- 








You can reduce the odds against failure 
by constant monitoring and timely replace- 


ment of equipment approaching the end of trol box. This spot resembles the flare on the rear of fo ¢ 
assured performance ... by thoughtful the missile. 
application of the... FOR MORE INFORMATION ON DEFENSE ACTIVITIES OF 
ALT AM DAYSTROM, INC., CIRCLE 104 ON READER-SERVICE CA Li Po EAR 
SUB-MINIATURE 
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ELAPSED TIME INDICATOR 













































MODEL 
= a Gamewell SG-270 Precision Rotary Switch. 
Size 
| A precious metal ring is the heart of a Gamewell Style SG-270 LOW FRICTION and WEAR 
lhe” 18/6” | Precision Rotary Switch. LASTING PRECISION ALIGNMENT 
== > This perfect circle of metal may be cut into as many angular | 
10,000 Hour Total Readout segments or positions as desired . . . providing the precise basis | ELIMINATE BINDING and CHATTER 
(Easily Read to Closest Hour) for a highly versatile as one ...can be assembled | ZERO SHAKE or PLAY 
400 CP with potentiometer sections esired. 
<_ Custom designed, the SG-270 switch is ideal for circuit sam- LONG LIFE—LOW MAINTENANCE 
Whether it’s for reliability and life testing, pling, sequencing, programming, digital generators, etc. Connec- SOLVES SLIDING LUBRICATION PROBLEMS 
design or system analysis, utilization studies tions to the segments are made through terminals adjacent to 
siti yf to one page monitor and a. the segments on the periphery of the housing. Precious one 
ritical equipment or components . . . when rings and brushes provide smooth, trouble-free action wit * 2 ° ° 
~ Tr Re hese WT-1 in your either Make Before Break (MBB) or Break Before Make Used by progressive onginesrs in the latest guidance, 
Tart aie (BBM) contacts. Multiple gangs can be assembled to provide fire control and navigation systems, computers, inertial 
y acceptance. Iti : i j i SG-270 h 
multi-pole switches. Cased in special plastic, the switc de ices. inst t 
The WT-1 meets MIL-E-5272A is inherently fungus resistant . . . stable at high temperatures .. . vices, instruments. 
and is available “FROM STOCK” sizes 4%” — 1%” — 1%” — 2” — 3” — 5” diameter in various 
Write Now for Bulletin 5001! ee ye 4 ws It can be Various types of Batt BusHINGs are made for shaft sizes from ‘e” to 4”... 
used with confidence over a ® ° . ° . > : 
WW A XL Kr'ES A WS wide range of environmen- with small sizes — a — = re literature and name 
tal requirements. Write, P y ° 
VSSSIwWn stating requirements, to 
PRECISION INSTRUMENT THE GAMEWELL COMPANY, Precision Potentiometers 
1526 Chestnut Street, 
COMPANY Newton Upper Falls 64, “Integrals of High Performance” 
Waltham 54, Massachusetts Massachusetts. THOMSON INDUSTRIES, Inc. 
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HIGH RESOLUTION 
SPECTRUM ANALYZERS 


id Analysis Problems 
Vibration ¢ Distortion ¢ Pulses « Noise 
Probescope Sonic and Ultrasonic ana- 
lyzers all have automatic optimum 
resolution circuitry. Guesswork has 
been taken out of spectrum analysis. 
One control sets the proper bandwidth 
and sweepwidth to give the best pos- 
sible resolution... other features in- 
clude...60 db dynamic range... 
linear and log amplitude scales... 
internal calibration markers. 





é SPECIFICATIONS $S-20 

re Frequency Range 7 cps to 23 kc 
— Sweep Width 50 cps to 6 kc 
> _ Sensitivity 500 microvolts 
Resolution 14 cps 





ae SPECIFICATIONS S$S-100 
Frequency Range 13.5 cps to 110 kc 
» Sweep Width 200 cps to 20 kc 


Sensitivity 500 microvolts 
Resolution 27 cps 

















SPECIFICATIONS $S-500 

Frequency Range 75 cps to 600 kc 

Sweep Width 2 kc to 200 ke * 
Sensitivity 250 microvolts 
Resolution 150 cps 






































Synchronous Sweep Generator 


All Probescope analyzers feature 100 
db dynamic range sweep generator at- 
tachments to visually display passband 
characteristics of amplifiers and fil- 
ters. Noise and distortion which nor- 
mally obscures response curves are 
eliminated. 

Other spectrum analyzer models for 
subsonic, single sideband and tele- 
metering analysis. 

Write for more information. 


ss 
ED 


Te: 






_ PROBESCOPE COMPANY INC. © 
z 8 SAGAMORE HILL DR., MANORHAVEN, L.I., N.Y. © 
* POrt Washington 7-8150 
SRR 

1960 1.R.E. Show Booths 3116-3118 
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From infra-red 
transmitting elements... 

to alignment and emergency 
periscope for the Polaris 
missile... 














Look what — mami? 
Bausch & Lomb _, 


from filters that eliminate 
unwanted radiation...to 


C a ) } ( / A) light-chopper reticles that 
uo put and keep IR-guided 
missiles on target... 


FOP YOU s-sonsevesaeq Deen 
wath 
glass! . 










































from meltproof windshields 
and periscopes for high 

performance aircraft... 
to research and develop- 
ment of optical systems 

for space reconnais- 
sance vehicles. 

























Let B&L competence 
with glass and glass-like x 


materials help advance your 

system from design to the » 

performance stage. Write for . | 
information on special items i. | 
like these, or on research and * 


development work. 

And for data and specifications 

on our large stock of standard lenses, 
prisms and reflectors, ask for Cat. L-117. 


Bausch & Lomb Optical Co., Contract Dept. 
92102 Bausch St., Rochester 2, N. Y. 
(Phone: LOcust 2-3000.) 





BAUSCH 6 LOMB 
el 


CIRCLE 43 ON READER-SERVICE CARD 
















Design of Miniature Hi 


rr THE SEARCH for ever smaller and lighter ca- 
pacitors with high reliability, high capacitance 
ratings and rugged mechanical strength, the high 
specific inductive capacity of ceramic dielectrics 
attracted much early attention. The dielectric con- 
stant of paper and film materials is only 4 to 5 
while good ceramic dielectrics can be formulated 
with constants of 1200 to 6000. 

However, any benefits of the high dielectric con- 
stants of ceramics have been offset to a considerable 
degree because of other limiting physical properties 
such as poor formability and inherent brittleness 
which required the use of relatively think dielectric 
bases. Special processes have resulted in the reduc- 


| tion of dielectric blanks down to about 5 or 6 mils 


which can be processed by conventional methods 
into finished capacitors. Although thinner ceramic 
sheets can be produced, their fragility is such as to 
make further processing impractical. 

The research department of the HI-Q Division, 
Aerovox Corpration, of Olean, N. Y., headed by Dr. 
A. R. Rodriguez decided that only unorthodox 
methods of design and construction could accom- 
plish further reductions in size and weight of ce- 
ramic capacitors. As the result of this research, two 
separate methods have been evolved for the pro- 
duction of ceramic capacitors of high capacity per 
unit volume. 


Cerafil Type Construction 


The first method was to reduce the thickness of 
the dielectric film by forming it in place over the 


| first metallic plate. The Cerafil* (Ceramic film) 


method employs a thin ceramic rod or filament ap- 
proximately 1/32” in diameter, which first receives 
a metallic film coating. The film is next coated with 
a very thin film of ceramic slip, which is then fired. 
The outer surface of this ceramic film is next given 
a second metallic coat, to form the second electrode. 
The length of this basic unit can be varied for great- 
er or less capacity, but higher values are formed by 
connecting bundles of these capacitor elements in 
parallel. The bundled Cerafil rods form a cyl- 
indrically shaped honeycomb structure, the surface- 
to-volume ratio of which increases with diminish- 


_ ing rod diameters. A plastic coating protects the as- 


MILITARY SYSTEMS DESIGN 
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Higapacity Ceramic Capacitors 


FIG. 1. CERAFIL CAPACITOR [in black) is shown 
-0n- in actual size and compared with equivalent ca- 
tble ary conventional ceramic capacitor. In capaci- 

ties from 10 micromicrofarads to 0.1 microfarad, 
this construction is said to be the most compact 
hess known, 








sated FIG. 2. CEROL CAPACITOR construction meth- 
per ods extend high-capacity-per-unit-volume to 2 mi- 
crofarad size. These capacitors are rated at 100 
v de up to 85°C and to 50 v de up to 125°C. 


sembly and adds mechanical strength to the unit 
; of (Fig. 1). 





the The construction of cylindrical metal and ceramic 
m ) films around a solid ceramic core gives great me- 
ap- chanical strength, particularly when a number of 
ves units are bundled to obtain higher capacities. 

vith Each Cerafil unit is individually tested before as- 
ed, sembly to assure great reliability for the composite 
ven capacitor, also, by combining units having positive 
de. temperature coefficients with other units with nega- 
2at- tive TC’s, a capacitor having a flat capacity-tem- 
by perature characteristic can be produced. 

_ in Standard Cerafil capacitors range in size from 
oy 1- 0.090” diameter x 0.320” long for the 0.001 pf unit 
ce- to 0.310” diameter x 0.750” long for the 0.1 pf unit. 
sh- These units are rated at 100 v de with a maximum 
as- power factor of 2.5% at 1 ke and a variation of ca- 
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AN ANALYsIs covering over four thou- 
sand custom slip ring assemblies de- 
- signed and produced by Breeze Corpor- 
ation during the past seventeen years 
has shown that a substantial number of 
these requirements have been for as- 
semblies having similar size and operat- 
ing characteristics. 


Now. . to meet these repetitive re- 
quirements more rapidly and at reduced 
costs, Breeze offers seven standard size 
slip rings with ring envelope diameters 
from 1” through 10%”. 





SEVEN STANDARD 
SLIP RING SIZES NOW in stock! 


BREEZE 


FEATURES 
Ring Envelope Diameters: 
‘, 1%”, 2%", 4%", 9%,", 104”. 


Hard coin silver rings and silver graphite 
brushes for excellent electrical proper- 
ties and long life. 




















Fabricated construction (1) Provides 
superior resistance to shock, vibration, 
environmental conditions. 


(2) Permits addition of rings when 
required. 


Flat stacked assembly with rings mounted 
above and below each barrier provides 
maximum number of rings in shortest 
axial length for rated capacities. 


Assemblies can be stacked on a common 
shaft to produce a multiple unit. 


j You'll want a copy of the new Breeze 
/ catalog 66 SR which contains complete 
details on these standard units. Catalog 
66 SR also describes a wide range of cus- 
tom units and incorporates a design guide 
section. Write for your copy today. 








5 





BREEZE CORPORATIONS, INC. 


700 Liberty Avenue, Union, New Jersey * Telephone: MUrdock 6-4000 








Manufacturers of electrical, electro-mechanical and hydro-mechanical 
components and systems and fabricated metal products. 


) 
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pacity of approximately +10% to —15% over the 
range of —55°C to 85°C, based on 25°C as refer- 
ence temperature. All applicable requirements of 
MIL-C-11015B are met by Cerafil Capacitors. 


the industry's ploneer 
Engineering notes from the 


Sill REPORTER 


BY STANLEY M. INGERSOLL, Capabilities Engineer 


& complete line of 


MINIATURIZED 
ELECTRONIC 
SLES 


CUSTOMIZE EFFICIENCY & ACCURACY 
WITH TRIO LABS’ BUILD-IN INSTRUMENTS 


ce 


Cerol Capacitors 


For capacities higher than 0.1 pf the Cerafil con- 
struction becomes less efficient, and another meth- 
od of construction was evolved. 

The most desirable characteristic of paper and 
plastic film dielectrics is their ability to be rolled 
into a compact bundle, thus providing a large ca- 
pacity in a small space. In similar manner, a flexible 
ceramic sheet which first can be given a metal coat- 


Report No. 3 
TR 2100 Force Balance Pressure Transducer 


SMI is now producing a new, unusually flexible Force Balance 
Pressure Transducer that features both electrical and mechanical 
output capabilities. Extreme sensitivity and accuracy is com- 
bined with unique flexibility in the TR 2100. It is available 


in ten models and the functional “Mechatronics” packaging 
philosophy permits prompt delivery of standard transducers 
covering a wide range of applications: from subsonic to super- 


sonic aircraft, drones and missiles, to ground support, and test 
equipment. The functional schematic, shown below, illustrates 
the basic force balance principle. The transducer measures 33/,” 


dia. x 7” long, weighs 3.25 lbs., without shockmount, 
forms to MIL-E 5400 and 5272. 


Typical Performance Specifications 


Type Inputs Compu- Output Output 


No. Physical tation Range Form Accuracy 


and con- 


Threshold 





Total & Static 0.t s 1.0 Pot. or 
Alt 





I< M 
TR 2100 = Pressure Mach No. -1000 < 


TR 2100-2 Total & Static Mach No. 0.124 MS 3.0 Pot. or 
Pressure -1000 < Alt.< 100,000 ft. Synchro 


. $ 100,000 ft. Synchro 





+ 0.001 M 


0.003 << M< 0.015 0.0002 M 





Altitude + 500 ft. From Pot. or 
TR 2100-5 Static Pressure Deviation —1000 to +- 80,000 ft. Synchro 


Pressure 
TR 2100-6 Static Pressure Altitude 


Dual Speed 
1000 to +- 100,000 ft. Synchro 


TR 2100-7 Turbine Out- 
let (P>) And 
Compressor 
Intet (P 2) 
Pressures 


Engine Pressure 1< E.P.R.< 4 Pot. or 
Ratio (E.P.R.) Synchro 


2ft 


te (25 ft. + 0.25%) 
-1000 to 5000 ft. 
+ (40 ft. + 0.25%) 
5000 to 80,000 ft. 2 ft. to 
40,000 ft 
+ 0.5% to 100,000 ft. 


7 in.< P2 <S Win. 
LIS EPR< 26 
+ 0.010 E.P.R. 0.0005 E.P.R. 
Zin. SP2 S40in. 

1LO< EPR <40 

+ 0.020 E.P.R. 





FUNCTIONAL SCHEMATIC 








TR 2100 Force Balance Pressure Transducer 


For more information and complete operating specifications on 
the TR 2100 Force Balance Pressure Transducer, write or wire today. 
Address your inquiries to Stanley M. Ingersoll, Capabilities Engineer. 


SERVOMECHANISMS, INC. 


Los Angeles Division 
12500 Aviation Boulevard 
Hawthorne, California 
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ing, rolled into a cylinder, then fired into a compact 





BEFORE . . . 3 external 
instruments were used to 
measure AC and DC volt- 
ages .. . cluttered, tedi- 


AFTER . . . 3 trio labs’ 
miniature VTVMs inte- 
grally built-in now are 
always on hand to meas- 
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PERCENTAGE CHANGE IN CAPACITY (% AC) 



































ous, wasteful, subject to ure just the parameters 


error. you designate. 


By building-in trio labs panel-mounting 
instruments you customize test sys 
tems, set-ups and instruments; save space 
average model is 4"’ x 4” x 4’); save 
time with at-a-glance monitoring; save 
money; make monitoring foolproof (go 
no go’); improve system reliability; in- 
crease overall design freedom. Choose 
from many “standard” or ‘special’ mod 
els—or consult us for new designs for 
your needs. Write for free “how to” En 
gineering Guide to Dept 








° 20 40 60 80 
TEMPERATURE °C 


FIG. 3. TEMPERATURE CHARACTERISTIC for 
typical Cerol Capacitor Type CL 90. Various tem- 
perature characteristics can be achieved through 
control of the ceramic formulation. 


monolithic structure of high strength is now being 
marketed under the descriptive name of Cerol® 
(Rolled Ceramic). The new method, presently in 
limited production, produces units from 0.1 to 2.0 
pf. A 2 pf unit is only 0.4” diameter by 1.4” long, 
is rated at 100 v dc at temperatures from —55°C to 
85°C and at 50 v up to 125°C. Power factor is 2.0% 
max at 1 ke, and capacitance variation is +15% 
—25% over the —55°C to 125°C range (Fig. 3). 
All the applicable requirements of MIL-E-11015C 
are met or surpassed by Cerol capacitors. 

Cerol capacitors are designed for general pur- 
pose uses in bypass-couplings, filtering and blocking 
circuits. They have superior electrical characteristics 
for decoupling and pulse circuits where low series 
resistance at high frequencies combined with ex- 
tremely miniature sizes are necessary. Digital com- 
puters are typical of such critical applications. 

In comparison with tantalum or other electrolytic 
type capacitors, the Cerol capacitors are non-polar 
and have much higher insulation resistances. Leak- 
age is not a factor in design when Cerol capacitors 
are used. 

The Cerol technique can be applied using various 


MILITARY 
for MIL-E-S400A & 


MIL-T-945A applications. 


B Series—ruggedized 
single-range, 
AC VTVMs $160. 


COMMERCIAL 


E Series 
Single-range 
AC VTVMs $99.50 





D Series—ruggedized 
multi-runge 
AC VTVMs $272. 


Model 109-1 
low-level multi-range 
AC VTVM $199. 





G Series—ruggedized 
single or multi-range 
DC VT VMs $136. 


F Series 
single-range 
DC VTVMs $84.50 








J Series—ruggedized 
low-level multi-range 
DC VTVMs $450. 


ae 
Pied 
* 

a % 


Model 110-1 
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low-level multi-range q 
DC VIVM , 
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Only Voltmeter with the 
Factual Fifth Figure 





WHEN FOUR-DIGIT ACCURACY 
JUST ISN’T ENOUGH, specify the 
five-digit NLS V35 — world’s most 
accurate digital voltmeter. Only the 
V35 gives you the “factual fifth 
figure” . . . full five-digit resolution of 
0.001%. Here is the instrument for 
your measuring jobs demanding max- 
imum accuracy — automatic missile 
checkout, readout and printout in 
data logging and computer systems, 
critical production inspection. Only 
the V35 offers you the benefits of “no- 
needless-nines” logic — greater reli- 
ability, increased speed, longer parts 

life. Contact NLS today for the full 
a story. 


LS 





V35 Specifications: Measures DC voltage from 
+0.0001 to +999.99; DC voltage ratio from 
+00.001% to +99.999% ... DC voltage ac- 
curacy is +0.01% of reading or +1 digit 
+ . . Overall accuracy for voltage ratio is 
+0.005% of reading or +1 digit .. . “factual 
fifth figure’ — 0.001% resolution . . . trans- 
Istorized ‘‘no-needless-nines” logic . . 


l . plug-in 
modular construction . 


. . Simple external con- 


es a nections for AC/DC converter, pre-amplifier 
and data logging accessories . . . one-package 
3° 0CUe design — 5%” high — for standard rack mount 


+.. automatic selection and indication of range 
and polarity . . . interchangeable plug-in step- 
Ping switch-resistor assemblies sealed in oil... 
$3,750.00, complete. Available in four-digit 
model for $3,150.00, complete. 


nls) Originator of the Digital Voltmeter 


hon- linear systems, inc. 


DEL MAR (SAN DIEGO), CALIFORNIA 
NLS — The Digital Voltmeter That 
Works... And Works... And Works! 
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ceramic formulations to achieve controlled tempera- 
ture coefficients, which are not available other than 
in ceramic capacitors. An NPO (zero temperature 
coefficient) Cerol capacitor will assume a size of 
approximately 0.2” diameter x 0.650” long for a 
capacity of 2500upf. At present, the highest ca- 
pacitance available in temperature compensating 
capacitors is only a few hundred micro-micro- 
farads. 

The new Cerol technique, therefore, opens up 
new avenues of design in temperature-compensated 
circuitry. A volumetric efficiency of 15 pf per cubic 
inch is now attainable with a ceramic having a tem- 
perature capacity stability of 20% from —55°C to 
85°C, and up to 45 pf per cubic inch in a material 
having a stability of 60%. Also available in the near 
future will be Cerol capacitors with a 3-fold in- 
crease in volumetric efficiency for transistor ap- 
plications below 100 v de working voltage. 
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Magnetic Regulation Guards 
D-C Supplies 


+ POT 
REFERENCE . + 


VOLTAGE 
+ 
DC 
OUTPUT 
GATE o 


(STABILIZED) 
MAGNETIC AMPLIFIER Uses saturable reactor 
principle to give stepless control of gate winding 
reactance, limiting input to static rectifying ele- 
ments for output voltage regulation and diode 
overload protection. 








CONTROL 
WINDING 





New Dec Regulated Static Power Supplies with out- 
put ratings from 1 to 45 kilowatts power in the 28 
v de range are equipped with magnetic amplifier regu- 
lation to provide stable output under rapidly varying 
load conditions. Supplied with the customer’s choice 
of selenium, germanium or silicon power diodes, mag- 
netic control (See Figure) of the output voltage 
through saturable control reactors also provides over- 
load protection by: (1) Limiting excessive current 
through each diode; (2) shutting down the unit within 
3 cycles on short or overload; (3) protecting diodes 
against line ac transients and (4) protecting diodes 
against de output bus faults or shorts. 

Characteristics of Model 24322MA Supply, being 
used in military support applications, are typical: Out- 
put rating, 200 amp, 24-32 v dc; regulation +14%: 
input 230 v, 3-4, 60 cps; housing, all steel cubicle 48”H 
x 24” W x 21”D;; rectifying elements, choice of silicon, 
germanium or selenium. (From information in 8-page 
bulletin MA-1 Rapid Electric Co., 2881 Middletown 


Rd., Bronx 61, N. Y.) 
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Report No. 4 
AXC 620 Miniature True Airspeed Computer (Minitas) 


Exceptional accuracy and small size are key features of SMI’s 
new Miniature True Airspeed Computer. Any one of three true 
air speed operating ranges and accuracies can be supplied to 
meet the requirements of high-performance aircraft, patrol 
planes, helicopters, artillery-directing aircraft, and missiles. The 
MINITAS consists of an extremely sensitive and accurate force 
balance Mach transducer, a passive resistance network, and a 
follow-up servo. The transducer is made up of a pressure ratio 
sensor — which is the heart of the system — a servo, and an electri- 
cal function generator. All servo amplifiers use silicon transistors 
for uniform reliability in severe environments. The MINITAS is 
capable of operation in a 125°C. environment and requires only 
20 watts of 115 vac, 400 cps power. Without shockmounts, the 
computer measures 5” dia. x 844” and weighs 6.5 lbs. The 
MINITAS conforms to MIL-E-5400 and MIL-E-5272. 


Typical Performance Specifications 





TRUE AIRSPEED ACCURACY 
TYPE NO. RANGE (KNOTS) ALTITUDE (FT.) (KNOTS) 
70 55 125 0 70100,000 + 4% 
= _ ’ aie “4, 
AXC 620 125 — 450 0 — 12,000 + 1% 
125 — 450 12,000 — 20,000 + 2% 
AXC 620-1 100 — 200 0 — 10,000 +% 
AXC 620-2 300 — 1500 0 — 80,000 + 12 


NOTE: These are standard accuracies. Increased accuracies are available over restricted 
ranges upon request, and special ranges and output forms are also available. AXC 620 and 
AXC 620-1 are capable of operation up to 40,000 ft. with reduced accuracies. 














FUNCTIONAL SCHEMATIC—AXC 620 Miniature True Airspeed Computer 


For more information and complete operating specifications, write 
or wire SMI today. Address your inquiry to Stanley M. Ingersoll, 
Capabilities Engineer. 


SERVOMECHANISMS INC. 


Los Angeles Division 
12500 Aviation Boulevard 
Hawthorne, California 
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HOKE REPORTS ON FLUID CONTROL (1) 


HOKE’S NEW PLASTIC STEM TIPS 
END CHRONIC FAILURE PROBLEM 


Galling and scoring valve seats plagued valve users and manufac- 
turers for years, until somebody thought of using plastic stem 
points. This idea worked well at low pressures, but when the pres- 
sure increased — poof! — the valve blew its tip. Up to now, this 
problem had continued to bother valve makers. 


Fortunately, a die-hard Hoke engineer insisted he could put a 
rmanent plastic tip on a high pressure valve. We gave him his 
ead and he gave us a 

plastic-tipped valve- : "3 
stem (using either 
Kel-F or Nylon). His 
unique design incorpo- 
rates a crimped metal 
shell that grabs the 
plastic tip and reamy 
holds! 


Not satisfied with 
this monumental ac- 
complishment, he ao 
ceeded to tackle 
problems at the stem 
packing. He put an 
O-ring seal on the stem 
and compressed it with 
a newly-designed Ny- 
lon collar. The collar 
serves a dual role, for 
it also prevents grit and other foreign matter from chewing up the 
O-ring. Valves of this new design have performed successfully up 
to 3500 psi. Our die-hard engineer not only ended galling, but also 
seat leakage, stem leakage and wear problems — all at one swoop. 


There’s only one feature about this new development that wor- 
ries us — since we do not expect replacements we may have de- 
signed ourselves right out of the valve business! We make these 
little dandies of either forged brass, bar stock or 316 Stainless, 
with 4%” and 4” male connections. Temperature limit is 400° F. 
For the complete story, write, wire, phone or we'll come see you. 
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WHAT GOES WITH WHAT? 


This is a question engineers and chemists are con- 
stantly asking each other. Not that we want to do 
away with this healthy interplay at the water cooler, 
but we have put together a slide rule that answers all 
these questions. It lists 22 metals and materials and 
their degree of resistance to 247 corrosive agents. 

Got yours? Write now while there are a few (thou- 
sand) left. 

















a - 
| HOKE, INCORPORATED | 
{| 13 Piermont Road, Cresskill, N.J. | 
1 Send me complete information on the Hoke products checked below: | 
| (© Plastic Stem Tips [7] FREE Corrosion Slide Rule (Have a salesman cali | 
NAME TITLE 
| COMPANY | 
ADDRESS 
1 city STATE a 
oe a RENEE AEE —_—— ee ee ie al 
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UHF TRIODE SOCKET 


Model XV-100/6299 miniaturized 
planar tube socket designed for Gen- 
eral Electric GL6299 UHF triode per- 
mits its use to over 1000 me without 





resonances over the band. Exceeds 
rigid environmental and Milspec re- 
quirements in circuits where frequen- 
cy stability and low noise are essen- 
tial—ZInstruments for Industry, Inc., 
101 New South Rd., Hicksville, L. I., 
a # 
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KLYSTRON POWER AMPLIFIERS 


New 10 Kw Power Amplifier Mod- 
el 216A, employing four-cavity, water- 
cooled klystron tubes, is designed for 
both military and industrial applica- 
tions, including space programs and 





scatter communications. Continuously 
tunable over the 1700-2400 mc range, 
it has a frequency bandwidth of 18 
mc at half-power points. A companion 
amplifier, Model 217A rated at 1 Kw 
output is available for the same 
range.—Sierra Electronic Corp., 3885 
Bohannon Drive., Menlo Park, Calif. 
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LARGE LIGHTWEIGHT 
ANTENNAS 


New HUBLOC antennas using new 
structural principles have high wind 
load rating, weigh only 1,575 lbs for 
28-ft diameter, are assembled at lo- 
cation from prefabricated sections.— 
Andrew Corporation, 363 East 75th 
St., Chicago 19, Ill. 
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programming and recording. 


SQUARE WAVE. 


Radio Noise, Interference. 


16 Beechwood Ave. 











VIBRATION 


5 to 5,000 cps from —120°F to +600°F at 
200,000 ft. altitude with automatic controlling, 


alse complete testing facilities for: 


ACOUSTIC NOISE FACILITIES 
MISSILE SHOCK TESTING SAWTOOTH, SINE, 


Salt Spray, Fungus, Explosion, Sand and Dust, 
Humidity, Rain, Sunshine, Rotating Accelerator, 


Sales Representatives in all Leading Cities 


“ITEMLAB, inc 


Port copeenmien, 














TEMPERATURE 


and/or 


ALTITUDE 
CONDITIONS 
DURING 
SINUSOIDAL and/or 
RANDOM 
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PROGRAMMING 
FOR 
PRECISION 


Precision is the prerequisite for meet- 
ing the ever increasing demands of 
this challenging age of Instrumentation 
and Automation. You will find the clas- 
sical solution to your precision design 
and manufacturing problems at H.0, 
Boehme, Inc. 


ay 
radar a 
oil is s 





The gear train shown represents a typical 
Boehme answer to a specific precision problem. 


We have set precision standards in 
custom-made gear design, engineering, 
and manufacture for over three dec- 
ades. We will supply all your custom- 
made fine pitch precision gear needs 
—from ¥” to 5” 0.D., 180 to 16 D.P., 
up to A.G.M.A. Precision #3 —or to 
specifications named by you. 


Your inquiries are welcome. Estimates 
based on your blueprints or sketch- 
es will be furnished, at no obligation. 


Contractors, Designers, Manufacturers 
of Precision Electrical, Electro- 
Mechanical and Electronic 

Equipment since 1917 


915 Broadway 
New York 10, N.Y. 
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RADAR PULSE TRANSFORMER 


Peak pulses of 32 megawatts power 
st 100 Kv are supplied by new oil- 
ooled transformer for’ ship-board 
radar applications. Open basket-type 
oil is self-healing in case of overload. 












* Be 
4 Be 
; sha 


Also supplies 10 amperes for trans- 
mitting tube filament. Primary im- 
pedance 12.5 ohms, prf up to 2000 
pps, pulse duration 0.5 to 5.5 usec.— 
Stavid Engineering, Inc., Plainfield, 
N. J. 
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SMALL-BOAT MAGNETRON 


Type QK798 inexpensive X-band 
magnetron is a fixed-frequency pulsed 
magnetron of the non-integral mag- 
net type with probe output. Fits in 
magnet-waveguide assembly which 
can be manufactured separately if 





desired, in applications for small-boat 
or light-plane radars. Rated at mini- 
mum life of 500 hrs at 5 kv peak an- 
ode voltage, 0.2 usec pulses, for peak 
power of 3 kw.—Raytheon Mfg. Co., 
Microwave & Power Tube Divw., 
Waltham 54, Mass. 
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RF POWER DIVIDERS 


New line of miniature Power Di- 
viders for L, C, S and X band appli- 
cations provide 2- and 3-way di- 








Visions at 50-ohm impedance, with 
VSWR less than 1.3.—Transco Prod- 
uets, Inc., 12210 Nebraska Ave., West 
Los Angeles 25, Calif. 
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MansonLaboratories,Stamford,Connecticut, 
designed six GL-7390’s into this modulator 
whose power capability is 78 megawatts 
peak and 300 kilowatts average. 


Below are shown the approximate envelope 
sizes and power outputs of two thyratrons 
now in use in high-power radar, as com- 
pared to the new General Electric tube. 





New G-E 
Type 1257 Type 5948 Development 
(GL-7390) 
Avg. Power 33KW Avg. Power 12.5KW Avg. Power G6KW 
Peak Power33MW Peak Power 12.5MW Peak Power 33MW 





CHARACTERISTICS: 
Pah Anatle VERGES soci cccsccestcoccceoes 33 KV 
Average Anode Current ............-.. 4 amperes 
Peak Anode Current ............... 




















General Electric Hydrogen Thyratron 
Available NOW from Stock! 


‘The new General Electric GL-7390 hydrogen thyratron, 
which has the highest known power handling capability of 
any hydrogen thyratron now available, can be shipped 
immediately from stock. Designed for high-power radar 
pulse modulators, the GL-7390 features metal-ceramic 
construction for great mechanical ruggedness, smaller 


Ceramic-metal construction provides a rugged envelope 
which enables the GL-7390 to withstand shock and vibra- 
tion conditions beyond the limits of glass designs. The 
anode and grid are in the form of solid metal cups solidly 
brazed to the ceramic body. This is a far stronger design 
than conventional glass seals and lead supports. 

size for important space savings, and ability to switch 
extremely high average and peak power. 


The metal-ceramic construction allows close, accurate, 
and rigidly fixed spacings of the anode and grid. The re- 
sult is very reliable high-voltage operation. Application 
assistance available from your regional General Electric 
power tube office. Power Tube Department, General 
Electric Company, Schenectady 5, New York. 


The external anode and grid construction allows direct 
convection cooling of the anode and grid. Reduced anode 
and grid temperatures during operation minimize the 
possibility of arc-back and/or grid emission. 


Progress /s Our Most Important Product 


GENERAL ELECTRIC 


9545-8481-23 
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SERIES 10,000 


DIGITAL DISPLAY 


ONE-PLANE PRESENTATION 


DuTsThNoaNG FEATURES 
dependable, no moving parts. « 











digits of your choice for 

a “special environmental lighting. 

' © Individual units may be assembled 
in groups for convenient panel 


"© Dimensions: 1-9/16” wide, 
254" high, 55%” long. 













- WRITE TODAY FOR COMPLETE DETAILED SPECIFICATIONS 


Representatives in principal cities 


INDUSTRIAL ELECTRONIC ENGINEERS, Inc. 
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on front surface viewing - 


. .. quickly seen from any angle of Oe 
ts uniform in size and intensity. - 
and faster to read. 

igh-contrast viewing screen insures 


st visual sharpness. 
igit style of your choice to comple- PRICE 
ee manufacturer’s original PER UNIT 


| ie | 





QUANTITY PRICES 
ON REQUEST 


NEW! LARGE IN-LINE DISPLAY 
Series 80,000 


Offers same outstand- 
ing features as Series 
10,000 In-Line Display, 
but approx. four times 


larger. Easily viewed 
over 100 feet away! 


$3300 each 
Quantity prices available 









Engineers and Manufacturers of 


Fully Automatic Systems and Machines 


5528 Vineland Avenue, North Hollywood, Calif. 
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MICROWAVE CALORIMETER 


New Model SME-74 Kahl Micro- 
wave Calorimeter for accurate meas- 
urement of RF average power over 





the 100 watt to 50 kw range over all 
frequencies from 1000 mc to 75 kme, 
and for peak powers over 50 mega- 
watts; also serves as safe absorp- 
tive load when testing high power 
transmitters.—Chemalloy Electronics 
Corp., Gillespie Airport, Santee, Calif. 
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REVERSIBLE VARACTOR 
DIODES 


New series MA-450 hermetically- 
sealed Varactor diodes use a base 
adaptor to achieve reversible polar- 
ity. Power dissipation rating ranges 
from 300 mw for lowest cutoff types 





to 150 mw for highest cutoff types. 
Are used as amplifying elements in 
parametric amplifiers; balanced 
single sideband modulators; subhar- 
monic generators (Parametrons) ; 
RF limiters; etec.—Microwave Associ- 
ates, Inc., Burlington, Mass. 
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COAX CRYSTAL SWITCH 


New Microwave Coaxial Crystal 
Switch has over 30:1 closed-to open 
db ratio. 16.5 milliwatt power re- 
quirement and 10 musec switching 





speed qualify switch for high speed 
antenna lobe switching, microwave 
chopping for crystal video detection of 
RF, and high speed switching in com- 
puters over —55° to 71°C range.— 
American Electronic Labs. Inc., 121 
N. 7th St., Philadelphia 6, Pa. 
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NEW. 


slide . . . saves space 


. %-inch 




















2 NEW Chassis-Trak Slides 

























Engineering progress at Chassis-Trak, 
keeping pace with the equipment mounting 
needs of the electronics industry, has re- 
sulted in two new slide designs. They are: 
1%-inch slide 

Ideal for light-duty slide applications— 
loads up to 50 Ibs. Chassis-Trak “pencil 
thin” design plus an overall height of only 
1.687” saves cabinet space, permits easy 
mounting without cabinet modification. 
Cadmium-plated cold-rolled steel construc- 
tion. Phenol epoxy coating provides per- 
manent dry lubrication. Tilt and non-tilt 
styles in eight standard lengths—10, 12, 
14, 16, 18, 20, 22 and 24 inches, 


For further information contact: 


525 S. Webster, Indianapolis 19, Indiana 


NEW... ° 


extra-thin slide 


lightweight, 


Lightweight slide 


Newly developed model for special 
equipment mounting problems. Exception- 


ally compact (1” high, “2” wide), yet 
supports up to 150-lb. loads. Saves space 
without sacrificing heavy-duty strength. 
Low in cost, easy to install. All stainless 
steel construction. Precision roller and ball 
bearings for effortless operation. 

Check with Chassis-Trak engineers for 
the solution to your rack or cabinet appli- 
cation. Slides available in tilt, non-tilt, and 
tilt-lock models. Supports up to 275 Ibs. 
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S-BAND CAVITIES 


Miniaturized S-band TRAK Oscil- 
lator Cavities for RCA 5893 pencil 
triode/ruggedized are designed for 1 
kw peak power output. With stabili- 





ties from +2% to +10% and weigh- 
ing only 8 oz, they often are used in 
missile beacon systems.—CGS Labora- 
tories, 391 Ludlow St., Stamford, 
Conn. 
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MICROWAVE FILTERS 


New standard line of High- and 
Low-pass microwave filters with peak 
power capacities to 2 Kw, are said 
most compact yet available for that 
rating. Low-pass filters are 13- ele- 
ment networks in 1 db down frequen- 
cies of 500, 1200, 2300, 3100 and 
6000 mcs. High-pass filters are 7- 
element networks available in 1 db 
down frequencies of 400, 900, 2000, 
2700 and 5400 mcs. Max insertion 
loss in pass band is 0.5 db, with in- 
put VSWR of 1.5:1 or less within the 
pass band.—Frequency Standards 
Div., Harvard Industries, Inc., P. O. 
Box 190, Red Bank, N. J. 
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ANTENNA SLIP RINGS 


Standard slip ring and brush as- 
semblies for rotary antenna arrays 
with noble metal rings, hi-tempera- 
ture dielectric, beryllium copper brush 





leaves, and silver graphite brushes 
are furnished with from 3 to 40 cir- 
cuits to fit shafts from %” to 1” 
diameter.—Rotary Devices Corp., 40 
Jay St., Englewood, N. J. 


CIRCLE 118 ON READER-SERVICE CARD 


COMMAND RECEIVER 


New all-transistor receiver-decoder 
featuring crystal-controlled frequency 
coverage of 400-550 mc range is de- 
signed for missile command destruct 
use requiring minimum weight, size 
and power consumption. Details on 
request.—Babcock Radio Engineer- 
mg, Inc., 1640 Monrovia Ave., P. O. 
Box 344, Costa Mesa, Calif. 
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thanks to automatic xerography... 


OLD SYSTEM 


NEW SYSTEM 


REDUCE DRAWING-STORAGE SPACE UP TO 95% 
Save *20,000 to *100,000 yearly on time, labor, and materials! 


How would you like to reduce—by as 
much as 95% —the storage space you 
now allot to active and inactive engi- 
neering drawings? 

In so doing, you'll also reduce time 
and labor costs dramatically. Savings as 
high as $100,000 a year can be achieved 
because of a spectacular breakthrough 
in storage and 
reproduction 
techniques. 

This devel- 
opment, called 
a unitized mi- 
crofilm system, 
has three basic 
steps: micro- 
filming origi- 
nal drawings 
or changes; 


mounting individual frames into die- 
cut apertures of data-processing cards; 
and, from the cards, automatically en- 
larging the microfilmed drawings by 
xerography, fast and economically, in 
a XeroX® Copyflo® 24C continuous 
printer. 

Dry, positive prints, translucent in- 
termediates, or offset paper masters 
emerge at the rate of 20 feet a minute. 
They are automatically cut, and ready 
for immediate use. 

The aperture cards, which may be 
machine-sorted for any combination, 
are stored in miniature working files, 
occupying only a tiny fraction of the 
space required by blueprints, interme- 
diates, or originals. 

There is no refiling. The quality of 
xerographic prints is superbly high, yet 


PUSH THE BUTTON...AND COPIES FLOW! 
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they are so inexpensive that engineers 
are urged to discard them after use. 


Unitized microfilm systems offer 
many other striking economies in time, 
money, and materials. Our booklet X- 
287, showing the many benefits, is yours 
for the asking. Write HaLow XERox 
Inc., 60-198X Haloid St., Rochester 3, 
New York. Branch offices in principal 
U. S. and Canadian cities. 


Overseas: Rank-Xerox Ltd., London. 


HALOID 
XEROX 
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LFE makes a 
DELAY LINE 
for almost 
every purpose! 


Ordinary, every day delay problems? 
Please don't ask us for help! 


But if your problems include choos- 
ing the right delay lines for computer 
applications, airborne or ground ra- 
dar MTI systems, missile systems, 
lock-test or range markers, or you 
name it, LFE has a delay line design 
that will do the job. 


There's 12 years of experience be- 
hind LFE's quartz and mercury delay 
lines. That's your assurance of re- 
liability and proven design when you 
buy delay lines from LFE. 


¥ > 








SEND FOR THE FACTS 
Write for full information on LFE's 
complete line of delay lines. 


LABORATORY FOR 
ELECTRONICS, INC. 


1079 
Commonwealth Ave. 
BOSTON 
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Computer Products Division 


ANTENNA PATTERN RECORDER 


New APR-20 series Antenna Pat- 
tern Recorders include db meter for 
signal level monitoring, noise com- 
pression circuits, writing speed over 





40”/sec and plug-in pen balance po- 
tentiometer and amplifier modules to 
provide maximum operating flexibil- 
ity—-Scientific-Atlanta, Ine. 2162 
Piedmont Rd., N.E., Atlanta 9, Ga. 
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ACTUATORS AND 
SERVOMECHANISMS 


SPEED CHANGERS 


New standard gear heads, speed 
reducers and speed increasers con- 
forming to Mil-specs and operating 
from —55° to 150°C have 30 minutes 








max backlash in any ratio, use sleeve 
or ABEC 7 ball bearings; available 
with preset slip clutch.—Kinetic In- 
strument Corp., 1070 Linwood St., 
Brooklyn 8, N. Y. 
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SUB-MIN CLUTCHES 


New sub-miniature clutches and 
brakes for computer, control and 
servo positioning features high re- 
liability with extra small size and 





~«.7 
weight. Series 6 ‘and 8 clutches and 
brakes feature zero backlash, and 
endplay and elimination of sliprings. 
Meet applicable Milspecs.—Guidance 
Controls Corp., 110 Duffy Ave., Hicks- 
ville, L. 1., N. Y. 


CIRCLE 122 ON READER-SERVICE CARD 


by 


NW 


| 
_ 


4 


p 


iz onus Lv 


” 
a 


J 
\ 
\¢ 


a 
"ten. 


} 





N/) 
mea 
) 
i 


“ wiA LW 
o® 


CIRCLE 57 ON READER-SERVICE CARD 


Unusual and difficult engineering 
problems may be solved, at times, 


plating of small wires . . 
variety of metals 
both as the core wire and as the 
plate. Inquiries invited. 








multiple electro- 
. A wide 
is available, 


single or 


SINCE Ne 
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SIGMUND COHN mec. co., inc. 






121 SOUTH COLUMBUS AVENUE 


MOUNT VERNON, N.Y 








A BETTER PLOTTER 


for Precision Layout of Grid Systems 
and Coordinate Positions 


The Coordinatograph, a new, better 
plotting instrument, is now being used 
for all types of precision layouts. It 
plots within .001” over a 4714" x 4744" 
working table. Rack and pinion con- 
struction for counter dials assures accu- 
rate measurements. 7 diameter pricker 
microscope permits observation and 
plotting in one operation. Radii from 
12” to 40” can be plotted with beam 
compass. Vertically laminated plywood 
table. Vibration-free tripod mount. 
Write now for free folder. 


AERO SERVICE CORPORATION 
210 &. Courtland St., Dept. 111, Phila. 20, Pa. 
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Quality. 
miniature & sub-miniature 
Hermetically Sealed 


thermostats 







cutaway 
photos 
actual 

size 


Illustrated here 
are the results of 
25 years experience 
in the thermal control 

field. All Chatham 
Thermostats have a 
patented positive 
contact wiping action 
for longer life. 


WIDE VARIETY TO MEET MILITARY 

and INDUSTRIAL APPLICATIONS 

* Insulated and grounded models 

* Close differential—long life 

* Sizes 3/16” & 1/4” dia. 

* Tin plated brass cases 

* Adjustable from -65°C to 150°C — 
Specials to 235°C max. 

* Special mounting brackets to 
customer specs. 


Write or phone for technical bulletin 


CHATHAM 
CONTROLS corr. 


136 River Road, Chatham, N. J., CRestview 3-7300 
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SIGN 

















ACTUAL SIZE! . . . 0-8 V.C.O. All-silicon 
transistors. Circuit design offers ex- 
cellent stability and linearity. Avail- 
able in all standard RDB channels. in 
can or card configuration. 




























A-25 RF Power Amplifier; 25 w output 
with 2 w or less input drive. 2'% 

high by 5’. x3%” plus connectors. 
PS-31 Power Supply and TR-4 and 
TR-12A Transmitters also have this 
configuration. 


























TMS-106, 10-channel, tube-type sys- 
tem with 25 watts output, typical of 
the airborne package design ability 
in FM/FM PM/EM systems available 
from Dorsett. 





For your telemetering requirement, whether 
missile, aircraft, drone, or balloon, DORSETT 
provides proved facilities for accurate 
evaluation, intensive research, rapid 
adaptation and final production. 


Geared to meet quantity demands, 
DORSETT is still able to keep vital engi- 
neering liaison on a close, progressive 
basis. Specifications on standard telemetry 
components and typical systems available 
on request. 








TEL. JE 4-3750 


ExecCionics 
Laboratories, Inc. 
Box 862 Norman, Okla. 
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MIDGET AC/DC SOLENOID 


New No. 28 Midget solenoid avail- 
able for intermittent or continuous, 
ac or dc duty; provides plunger 








strokes from ys” to %” with lift of 
over 41 oz. Weight is 3.5 oz.—Guardi- 
an Electric Mfg. Co., 1621 W. Walnut 
St., Chicago 12, Ill. 
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MODULAR SERVO 


New Size 8 Modular prepackaged 
Type E-108A assembly comprises 





motor generator, gear train, synchro 
and potentiometer for air servo use. 
—John Oster Mfg. Co., Avionic Div., 
1 Main St., Racine, Wisc. 
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BERYLLIUM GEARS 


Four Beryllium gears have weight 
equal to single steel gear of compar- 
able strength, construction. Gears, 





gyro housings and gear assemblies 
for all types of missile applications 
are available from manufacturer of 
beryllium components. Catalogs avail- 
able.—Leemath, Inc., Syosset, N. Y. 
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ELECTRIC ACTUATOR 


New miniature electric actuator 
line for linear and rotary applications 
are available for ac or de motors 
meeting Mil-spec requirements. Low 





backlash, accurate positioning, adjust- 
able limit switches, and gear train 
are featured, with brake if required. 
—Nash Controls, Inc., 69-73 Summit 
St., Newark 3, N. Y. 
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You can produce and reliably repeat today’s widest range 
of shock waveforms—half-sine, 4% cosine, sawtooth, 
square and combinations—with CVC HYGE. 


You'll find a HYGE model to meet your requirements for 
laboratory or production line use. With HYGE, 

you'll have a compact source of stored energy at your 
fingertips for producing shock waveforms to meet 

most test specifications—and at a cost of only pennies 
per test. As new requirements develop, HYGE lets you 
adapt to them by adding a simple metering pin. 


Large laboratory model. Thrust capacity 
to 40,000 lbs.; acceleration, 2000G. 





Small laboratory model. Thrust capacity 
to 10,000 lbs.; acceleration, 500G. 


awe, Thrust to 15,000 lbs.; acceleration, 100G. 
ee a Provides most widely specified shock 
pulses: MIL-E-5272A (11 +1 ms half-sine) 
and Ramo-Woolridge (6 +0.5 ms 
Sawtooth). 5 tests in 5 minutes at less 
than 5¢ per test. 





WRITE for HYGE Bulletins. Or, outline your 
requirements and ask for a specific 
recommendation. 


Consolidated Vacuum Corporation 


gal Vu, 
ROCHESTER 3S, NEW YORK s e, 
A SUBSIDIARY OF CONSOLIDATED ELECTRODYNAMICS CORPORATION (PVG: 
(FORMERLY ROCHESTER DIVISION) “o S 

*0,. 
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General Electric Rack-Mounted 


Inductrol* Voltage Regulators 


For Voliage-sensitive Electronic Loads 


Ratings (automatic or motor-driven) up to 
15 circuit kva—100 load amps, single-phase 
50/60, and 400 cycles, 120 and 240 volts. 


FEATURES 


e Built to meet MIL specifications 

e No brushes 

e No harmful waveform distortion 

e Drift-free tubeless controls 

e 1% bandwidth accuracy 

e Voltage adjustment up to 100% 

e Compact—high capacity 

e Temperature, power factor, and frequency 
compensated 

e Highly reliable 

FOR MORE INFORMATION about the complete 

line of G-E Inductrol regulators to meet your 

application, contact the General Electric volt- 

age regulator representative at your nearby 

G-E Apparatus Sales Office, or write to 

Section 425-26, General Electric Company, 

Schenectady 5, N. Y. 


Progress /s Our Most /mportant Product 


GENERAL (36) ELECTRIC 
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AMPLIFIER /RESOLVER 
MODULE 


Miniaturized amplifier/resolver 
only three inches long consists of size 
8 winding-compensated resolver con- 
centric with a dual channel ampli- 


fier, all within a size 15 frame. Desig- 
nated the AMPLISOLVER, it pro- 
vides 1:1 transformation ratio, 
trimmed to +2% over a —55° to 
125°C temperature range. Input im- 
pedance is 1 megohm min with output 
impedance of 270 +j400 ohms.—/n- 
etrument Div., American Electronics, 
Inc., 9503 W. Jefferson Blvd., Culver 
City, Calif. 
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CRYOGENIC RELIEF VALVE 


New Model K5120T stainless steel 
relief valve for LOX or liquid nitro- 
gen system is available with crack- 
ing pressures ranging from 100 to 


2400 psi, and in tubing connection 
sizes from 4” to 1”. Smooth throt- 
tling on opening and closing at tem- 
peratures down to —320°F is said 
to assure totally reliable operation.— 
James, Pond & Clark, Inc., 2181 East 
Foothill Blvd., Pasadena, Calif. 
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SUB BALLAST VALVE 


Remote 1-man control of 4500 psig 
ballast air from new atomic sub- 
marine control console is accomplish- 
ment of new Model MV-173 electric 


valve. Replaces several men formerly 
needed to operate hand valves for 
diving and climbing control. Has 
manual override for emergency oper- 
ation, also poppet switch for indicat- 
ing open position. Operates on 110-125 
v ac, has capacity equivalent to sharp- 
edge orifice 1.050” I. D.—Marotta 
Valve Corp. P. O. Box 330-48, Boon- 
ton, N. J. 
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SWITCHES 


for radar applications 


For use in Rigid Coaxial 
Transmission-Line 
Systems at VHF and UHF 


Type 1038-HV 
for 644" lines 


Type 1136-HV 
for 3144” lines 


CW rating is approximately that of the mating transmission lines. 
Switches available in either motor-driven or manually operated models. 


ANTENNA SYSTEMS — COMPONENTS — AIR NAVIGATION AIDS — INSTRUMENTS 


ce ALFORD 2c: 
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Write for 
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on AMCI 
Coaxial Switches 
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From PITLOG 


Vy STALO STABILITY TESTER 


Accurate 4% to 1 part in 10° 


Measures short term deviation 
4 Plate Mm lelaloane:iaaatmelabaamigelan 
Gl nl an come 6001010 Maalomm Olal-le1 
stability of radar systems 
orelaalelelal-iah 6) 
stalos, cohos 
IF's, klystrons 
Flare me)aalsiae-ie-1e)i-1 
signal sources 
either on 


A VERSATILE 
MICROWAVE 
STABILITY TESTER... 
DESIGNED FOR ANY “ elaeleluiadiels 
APPLICATION if. » - Tat: Melanlale dal 
REQUIRING field 
PRECISE ' ~ Particularly 
MEASUREMENT . ws ome ‘ Vn. prvi 
OF FREQUENCY = il ieee eet 
STABILITY. a Vi 


laar-hiane=tar-iale = 
of MTI radars 


On demonstration at IRE Booth 3024. 


Oh dal-tame 1 BA 0] Cimotelaal: t 
Tunable Stalos — stable ca ‘ at 
UHF ae lam, aa =t-lalemmeaa-telll-ta 


\), PITOMETER LOG CORP. 


237 Lafayette Street New York 12, N. Y CAnal 6-7250 
Write for emt MS-2} 


PITLOG 
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HYDRO SELECTOR VALVES 


Four-way 3-position HP348100 
(left) is spring-loaded-to-neutral for 
use in a 3000 psi, 65° to 275°F hy- 





draulic system. Model HP574100 
(right) is the 4-way, 2-position 
spring-loaded version.—Hydra-Power 
Corporation, Pine Court, New Roch- 
elle, N. Y. 
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“0” RING-SEAL VALVE 


New 9200 series Plug Valve uses 
3 “O” rings of Buna-N or Neoprene; 
two at ends of plug and one in lipped 





groove on face of plug, 90° from plug 
flow passage to give dead tight seal 
when plug is closed. Available in 
brass, aluminum or 303 stainless.— 
Circle Seal Products Co., Ince., E. 
Foothill Blvd., Pasadena, Calif. 
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LEVELER AMPLIFIER 


New broadband Model 700 dc level- 
er amplifier used with an external 
crystal detector and directional cou- 





pler hoids RF output from single fre- 
quency or swept microwave sources 
constant within +0.1 db.—Alfred 
Electronics, Inc., 897 Commercial St., 
Palo Alto, Calif. 
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PLASTIC GEARS 


New Rexolite #1422 cast plastic 
gears of high stability are designed 
for use in airborne and microwave 





metering devices requiring high radia- 
tion resistance and chemical inertness. 
—The Rex Corp., West Acton, Mass. 
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For complete information 


Write, Wire, Phone or TWX 


PRODUCTS OF RESEARCH 
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HEAT 





F 





Heet Resistance 
5 HOURS 400% Minimum ‘ 

PHasdmess 4 
150+KNOOP 





Control 
ONE ADDITION AGENT 


Temperature 
eannepe 
65°F to 15°F 


Operation 
BARREL or TANK 


echniceime:~ 
= > 











P.O.BOX 965 PROVIDENCE, R. |. 7001 NO. CLARK ST. CHICAGO 26 ILL. 
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Chart-Pak Tapes for Printed Circuits .. . 
now in NEW TAPE-SAVER DISPENSER 


(at no extra cost) 


ONLY CHART-PAK HAS IT! 
Keeps tape edges clean 
No waste... use every inch 
Easy spindle storing 
Protected from damage 










Make conductor patterns and terminal pads for printed circuit 
layouts in minutes! Chart-Pak tapes and symbols are precision 
slit to .002”. High dimensional stability. Non-reflective, opaque 
black surface. Adhesive backing holds firmly, will not melt 
under heat of reproduction; yet can be easily lifted and re- 
applied for corrections. Available in tape widths of 1/32” and 
up, and in die-cut lands, fillets, corners, tear drops, etc. Ideal 
for use on any surface, especially Chart-Pak precision grids. 





























Write for full details or consult your Yellow Pages 
under “Charts-Business:’ 





CHART-PAK, inc. 


Saves time... eo) Tlevin) 010) Be) Mi-| ON 121 ai (e)ehel ae) adie 


Saves money! 





1610 River Road, Leeds, Mass. 


ee 
Nee 
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ROTARY SWITCH 
CONTACT NOISE 
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LOW LEVEL (0-5 mv or 0-50mv) TELEMETERING 
EQUIVALENT CIRCUIT 
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EQUIVALENT CIRCUIT 


v % 
| LEVEL (0-5 v) TELEMETERING 





IDL quality control and inspection procedures insure that 
these “Standards of Excellence”’ are maintained in the pro- 
duction of high speed, sealed rotary switches for critical 
applications. Typical products are indicated by these units. 


30 RPS 7.2 RPS 

RPS 
2 Poles Ane 2 Poles he 
30 Points 60 Points 35 Points 


Write IDL for your free copy of “Rotary Switch Contact Noise” 
SEE US IN IRE BOOTH #2106 
INSTRUMENT DEVELOPMENT LABORATORIES, INC. 
Subsidiary of Royal McBee Corporation 
54 MECHANIC STREET, ATTLEBORO, MASSACHUSETTS, U.S.A. 
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VERSATILE TELEMETRY 
RECEIVER 


New Type 11B1 Telemetry Receiver 
designed for FM/FM, PDM/FM and 
PCM/FM systems has noise figure 
under 7 db over 216-256 mc band. 


Ling 





Either crystal-controlled or continu- 
ously-tunable modes of operation with 
vernier compensation for frequency 
drift are available. Relay rack mount- 
ing, 8%” high x 15” deep.—General 
Electronic Laboratories, Inc., 8521 
Second Ave., Silver Spring, Md. 
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SUB-SUBMIN OSCILLATOR 


New transistorized voltage-con- 
trolled subcarrier oscillator Model 
TOE-300, for FM/FM telemetry uses 
only 20v de at 5 ma, occupies only 
1.5 cu-in. Available in all IRIG num- 





bered and lettered bands, its output 
is accurate to within 1% over a tem- 
perature range of 25° to 85°C and 
while subject to accelerations of +25 
G.—Bendix-Pacific Div., Bendix Avia- 
tion Corp., 11600 Sherman Way, N. 
Hollywood, Calif. 
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MILITARY MEMORY 


Magnetic core memory stack de- 
signed to withstand Missile vibration 
and shock is designated MIL-STAK. 





Molded plastic frame receives cores 
wired by locked link method. Com- 
pleted stack is encapsulated in poly- 
urethane for max strength.—Tele- 
meter Magnetics, Inc., 2245 Pontius 
Ave., Los Angeles 64, Calif. 
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TELEMETERING ANALYZER 


New Model TA-100L-120L displays 
all FM/FM subcarrier channels on 
Log-scan tube while second, linear 
scan tube analyzes individual portions 


aie! 





of spectrum. Marker signal on log 
scan shows location of section under 
linear scan. Log and linear scanners 
also available separately.—Probe- 
scopes Co., Inc., 8 Sagamore Hill Dr., 
Port Washington, N. Y. 
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AUDIO CHANNEL SEPARATORS 


Modular audio filters for multi- 
channel band separation having cen- 
ter frequencies of 1.05, 3.78, 106, 21.6, 
36.7 and 52.6 ke are available in mod- 








ules 2-%4” x 2-%” x 4” high. Typical 
unit BF-118 has CF of 21.6 ke, and 
band-width shape factor of 2.65. In- 
put/output impedances are 2000 ohm, 
insertion losses less than 2 db.—Con- 
trol Electronics Co., Inc., 10 Stepar 
Pl., Huntington Station, L. I., N. Y. 
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SUBMIN COMMUTATOR 


New 30 x 10 2-pole Telemetering 
Commutator for PAM systems is said 
to show less than 0.3% noise levels 
with millivolt input signals for a life 





115 v 400 cps current; complete units 
meets missile environmental tests.— 
Instrument Development Labora- 
tories, Inc., 67 Mechanic St., Attle- 
boro, Mass. 
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NUMERIC DISPLAY CONVERTER 


New Solid-state converter Model 
260 responds to four-bit binary codes 
to activate decimal display tube of 


Wie 'y 





either cold-cathode (“Nixie” type) or 
filamentary projected (IEE Alpha- 
Numeric) type. All relays, tubes and 
preventive maintenance are_ said 
eliminated.—Hermes Electronics Co., 
75 Cambridge Pkwy., Cambridge 42, 
Mass. 
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DIFFERENTIAL AMPLIFIER 


New solid-state differential dc 
amplifier, Type 1-102, with input and 
output isolated from each other and 
from ground, eliminates ground loop 





and circulating current problems in 
data processing systems. Common 
mode rejection of 109:1 and stability 
of 0.05% are claimed; six amplifiers 
fit in 19” rack module.—Neff Inst. 
Corp., 2211 E. Foothill Blvd., Pasa- 
dena, Calif. 
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BINARY THUMBWHEEL SWITCH 


New modular 10-position binary 
thumbwheel switch requires only 1%” 
panel space, provides 3 or 4-bit binary 
and complementary outputs of the 
numeral exposed through the bezel 
window. Aluminum mounting frames 





accommodate up to 16 switches in line 
plugging into fixed printed circuit re- 
ceptacles, or fixed type with solder 
terminals. is available-—Chicago Dy- 
namic Industries, Inc., Precision 
Products Div., 1725 Diversey Blvd., 
Chicago 14, Ill. 
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DIGITAL INCREMAGS 


New Incremags are miniature digi- 
tal components; perform counting- 
dividing functions otherwise requiring 
a battery of binary-type units. Have 
a variable counting rate of up to 





100,000 pps and accept random or 
uniformly spaced inputs. Outputs in 
ratios of 1/1, 1/10, 1/100, 1/1000 
1/10,000 and 1/100,000. A mixture of 
counts (up to 16 per stage) other 
than decade is available-—General 
Time Corp., Research Lab., 107 La- 
fayette St., New York 13, N. Y. 
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RELIABLE ELECTROLYTICS 


New Type 32D Compulytic Alumi- 
num Electrolytic capacitors are manu- 
factured to meet 85°C operating con- 
ditions, also in special designs to ob- 









TrPE 329 





ad bide 





tain unusual frequency character- 
istics and very low ESR values where 
desired. Capacitor banks as large as 
1 farad have been constructed using 
32D capacitors. Engineering bulletin 
available.—Sprague Electric Co., 
North Adams, Mass. 
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FLEXIBLE ETCHED CIRCUITRY 


New custom-designed flexible 
Etched Circuitry, can be produced in 
straight cables or complex wiring 
patterns, in single or multi-layer con- 
structions. Circuits can be formed in 





an infinite variety of metallic etched 
patterns, sandwiched between two or 
more layers of a suitable plastic, de- 
pending on the application. Available 
in production quantities.—IJnterna- 
tional Resistance Co., 401 North 
Broad St., Phila. 8, Pa. 
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R.F. CONNECTORS 


A connector so superior in concept and performance most major manu- 
facturers are specifying it. 


Mechanically, the ConheX provides a connection stronger than the cable 
itself. Captivated contacts assure proper engagement of mating parts. 
Completely field repairable for true practicability. 


Extremely stable and reliable under operational conditions. ConheX offers 
more than any existing connectors of corresponding types, yet they are 
completely interchangeable. 


Available in 50, 75 and 93 ohm sizes in a complete range of types. Write 
for complete details on these vastly superior rf subminiature connectors... 
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calelio CORPORATION 


139 HOYT STREET - MAMARONECK, N. Y. 


TEFLON TERMINALS RF CONNECTORS 
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British Branch: Sealectro Corporation, 
Hersham Factory Estate, Lyon Road, 
‘ Walton-on-Thames, — 


Surrey, England. 




































ATC COMPONENTS HAVE BEEN 


DESIGNED FOR THESE TYPICAL 
MISSILE APPLICATIONS 





1, ABSOLUTE PRESSURE PICKOFF 
2. ACCELEROMETER 


3. HYDRAULIC SERVO VALVE 
FEEDBACK 


4. POSITION SENSING 


Other ATC mil spec timing and 
programming components are 
used with Mace, Matador, 
Thor, Bomarc, Hound Dog. 





MAXIMUM TIME- 
OFF INDICATOR TIMER 


TRANSISTORIZED 

























RESET TIME 
DELAY RELAY CONTROL 


WIND TUNNEL 

























PROVEN ATC DIFFERENTIAL 
TRANSFORMER SYSTEMS 


DRAMATICALLY 
INCREASE 


RELIABILITY 
OF AIR & GROUND CIRCUITS 














WHAT IS A DIFFERENTIAL TRANSFORMER? 
An electromechanical device which translates 
the displacement of a magnetic armature into 
a linear alternating current voltage. 


WHAT ARE ITS ADVANTAGES? 

It’s frictionless, offers infinite resolution, high 
signal to noise ratio, low null voltage, not af- 
fected by wide temperature ranges or radia- 
tion exposure, one-tenth of 1% linearity, small 
size, light weight. 


WHERE ARE ATC DIFFERENTIAL 
TRANSFORMER SYSTEMS BEING USED? 


In both airborne and ground support assem- 
blies as components or full systems on Terrier, 
Jupiter LOX level controls and launching rig de- 
flection, direct reading altimeters, G.E. counter- 
measure program, jet carburetor safety control. 


HOW DO I FIND OUT HOW DIFFERENTIAL 
TRANSFORMERS WILL HELP ME? 

Ask about the Aero Transducer Kit, which per- 
mits you to experiment with a broad variety 
of transducers applicable to rate gyros, pres- 
sure pickoffs, accelerometers, hydraulic servo 
valve feedbacks, position sensors. 

Also send for the new 1960 ATC Con- 
densed Catalog D-31. 


ATC offers design engineering help 
and complete Mil-spec R & D programs. 


AUTOMATIC TIMING & CONTROLS, INC. 


KING OF PRUSSIA, PENNSYLVANIA 
A SUBSIDIARY OF SAFETY INDUSTRIES, INC. 
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HERMETIC TERMINAL 


New Type 599 non-turning hermetic 


| 


terminal for components in the 1500v | 


operating range is a single assembly 
without loose parts.—Lundey Asso- 
ciates, 694 Main St., Waltham 54, 
Mass. 
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CERMET TRIMMING POT 


eter uses conductive resistance ele- 








achieve high reliability over ambients 
—55° to 200°C, and high insensitivity 
to vibration and shock. Available in 
standard resistances from 100 to 
20,000 ohms with only 2 ohms max 
end resistance.—Helipot Div., of 
Beckman Instruments, Inc., 2500 Ful- 
lerton, Rd., Fullerton, Calif. 
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STACKABLE TRIMMER 


Two to ten Model 1W-STK WEE 
poteritiometers stack with lead screws 
available from top. Wirewound ele- 





ment with 360° wiper is said to with- 
stand 100G acceleration, 50 G shock 
and operates from —55° to 140°C 
rating 1.3 watts at 40°C. Sealable to 
meet MIL-E-5272A.—Handley, Inc., 
2030 Colorado Ave., Santa Monica, 
Calif. 
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MINIATURE INDUCTOR 


New addition extends Wee-Ductor 
values from 0.1 to 56,000 uwhenries 
with less than 2% coupling when as- 


— 


ce / ‘“ hy, ~N "ey. 






sembled side by side. Meeting MIL- 
C-15305A requirements, it measures 
only 0.160” diameter x 0.375” long.— 
Essex Electronics, Div. of Nytronics, 
Inc., 550 Springfield Ave., Berkeley 
Heights, N. J. 

CIRCLE 149 ON READER-SERVICE CARD 





New Series 50 Helitrim Potentiom- 


ment fused to a steatite frame to | 





a little solution... 


TO A BIG PROBLEM*| .. 
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*Tube Socket for GL-6299 Planar Triode CHE 
Problems of poor grounding and high contact inductance which dio-C 
seriously limit upper operating frequency are now eliminated as tion 


well as the problem of varying circuit values resulting from shift of 
contacts, circuit parts and poor seating. The tube socket has met 
and exceeded the following environmental tests: 

Vibration: 10-55 csp 1/64” excursion; Altitude 10,000 ft. (opera- 
tive) and 40,000 (inoperative); Drop Test: 2 ft. (equipment units); 
Bounce Test: 5g for 3 hrs. (equipment units); Humidity: per MIL 
STD 169. Other applicable Mil Specs met by the tube socket are: 
MIL.STD 170, MIL.E-16400 and MIL E- 5400. The price of the 
XV-100/6299 ranges from $25 to $14, depending upon quantity. 
Write for More Information. 


Instruments for Industry 


101 New South Road, Hicksville, L.I., New York 


See us at the I.R.E. Show—Booth 1424 
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Now Available! 








PRECISION The 
CLASS Iall elimir 
anti-BACKLASH forge! 
GEARS at 
f 
Custom & Stock op 
to your requirements test s 
1 or 1,000 Th 
STOCK . . . Immediate Delivery with ; 
CUSTOM ... Approx. 3 weeks prototype Ff tion | 
STOCK SPECIFICATIONS large 
Precision Class | and I! anti-backlash gears: “*” face width, 48, must 
64, 72, 80, 96 or 120 diametrical pitch, 14%2° or 20° pressure 
angles, diameters from 58” to 2’. Available in 24ST aluminum der ] 


with solid or clamp type 303 S.S. hubs with choice of 0.125”, §f be tr 
0.1875” or 0.250” bares. 





stock gears. 





t 

CUSTOM AB GEARS TO YOUR SPECS AND DRAWINGS ty 

Send for supplements to DYNACO ef 
E88 Catalog. Shows complete line & . 
specs. on precision stock differentials MIL 
and new, miniaturized line of precision work 
ing C 
DIME = 

shou 
GEAR co. INC. front 
AMITYVILLE, beca 
NEW YORK list 
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Robot Check-out Technician 


A new preflight checkout system which operates 
over airline distances of 2 miles to perform a com- 
plete electronic physical checkup on the Mach 2 
fighter-bomber, has been developed by Republic Avia- 
tion Corporation, Farmingdale, L. I., N. Y. Designated 
the RADFAC (Radiating Facility for Aircraft Flight 
Line Testing), it responds to a remote signal from the 
pilot or crew chief by running an electronic check 
over the jet’s communication, IFF and navigation sys- 
tems. It advises the pilot verbally or by tone signals if 
the plane circuits are in good working order; if any- 
thing is amiss it pinpoints the trouble. 





ELECTRONIC 
CHECKOUT via Ra- 
dio-Control is func- 


tion of RADFAC. 














The checkout sequence is a programmed series which 
eliminates the possibility of human error through 
forgetfulness. Under “scramble” conditions, the check- 
out can be initiated by the pilot seated in the cockpit. 
If the RADFAC should break down, a signal makes 
this known to the crew chief who can complete the 
test sequence manually. 


The system is housed in a trailer which is complete 
with self-contained power supply, antenna and obstruc- 





tion lights. Although it weighs 3,500 lbs, it replaces a 
large array of mobile and portable equipment which 
must be transported to or aboard military aircraft un- 
der previous check-out systems. The RADFAC can 
be transported by air and can be installed in a pro- 
tected location remote from the flight line. 
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More Reader Mileage 


Your assistance in ensuring the widest readership of 
MILITARY SYSTEMS DESIGN among your fellow- 
workers in design engineering is requested. After fill- 
ing out your reader service card may we suggest that 
you write the names of others in your department who 
should see this copy on a routing slip and clip it to the 
front cover of this copy for local routing. This is asked 

ause requests for places on the MSD subscription 
list far exceed the 35,000 copies printed each issue. 
Thanks for your help. 


January-February, 1960 


TRANSISTORIZED REGULATOR 


New transistorized voltage regu- 


lator is available in outputs from 35 
to 150 v de at load currents up to 





500 ma. Regulation is 0.1% for +20% 
variation in input and for zero to 
full load. Meets MIL-E-5272.—Power- 
tronic Systems, Inc., 10 Pine Court, 
New Rochelle, N. Y. 
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THICK-CHASSIS TERMINAL 


Type RFT-SM-2 TUR-C4 “Press- 
Fit” terminal with longer Teflon 
body accomplishes secure mountings 





in chassis up to 0.125” thick using 
one-piece construction to eliminate 
nuts, washers and other hardware.— 
Sealectro Corp., 1389 Hoyt St., Mana- 
roneck, N. Y. 
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TORQUE TESTING 





FOR TESTING Screws, thread-cuttin 


and thread-forming screws— all types 0 
threaded fasteners; threaded parts and 
threaded connections. 


FOR MANUFACTURERS 





DESIGNERS 
INSPECTORS 
TOOL ENGINEERS 
Capac. | LABORATORIES and for 
ities: | PRODUCT CONTROL 
Ibs Jor | in assembly. 
Ibs.) 


Write for Bulletin TTF 
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ASTRON so.ip 





TANTALUM 
CAPACITORS 
one e 
GLASS : ‘ 
Ho ‘itt vibration 
ll ‘ TO 2000 CYCLES 
| : AND 35 G'S. 
METAL In the construction of the 






Astron Tantalum Solid 
Electrolyte Capacitor, the 
tantalum anode is firmly 
embedded in solder and solidly 
fixed in the case. There are 

no external welds, and the 
tinned leads can be bent 
adjacent to the case. 


SPRAY 
COATING 


ENCAPSULATION 


TANTALUM 
ANODE 


TINNED Production capacitors are 
regularly tested in accordance 
with MIL-STD-202A; Method 
204, test condition B, to 2000 


cycles and 15 g’s. 


Astron Solid Tantalum 
Capacitors have withstood 
200 g acceleration and 150 g 


SOLDERABLE 
LEADS shock tests. 


e@ 125°C operation. 

e Rugged construction. 

e Capacitance stability. 

e Subminiature. ' 

e Dry, solid construction. 

e Meets MIL specifications. 







FOR COMPLETE INFORMATION WRITE 
TODAY FOR BULLETIN E-675A AND FOR 
ASTRON'S DESIGN ENGINEER 
PUBLICATION, TECHNIQUES, 

VOL. 59, NO. 2 
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Super-dry 

air... 

right from your 
plant air... 


with the 


Heat-les 


Super-dry air—automatically—at low 
cost—right from your plant air 
supply. The Heat-Les dryer has no 
electrical or steam heaters—no 
maintenance—no expense! Pro- 
duces completely dry air without 
raising temperature. Proved in 
hundreds of commercial and 
military installations. 





@ Dewpoints to —200°F 
@ No bothersome heaters for reactivation 
@ Low initial cost. Low operating cost. 


World leader in dry gas/air systems 





DESICCANT 
DRYER 


Heat-Les Dryers 
Are 
Available 
For All 


Capacities 
And 
Pressures. 





@ AVAILABLE FOR USE WITH PLANT AIR, OR INA 
COMPLETE, READY-TO-OPERATE UNITIZED 
SYSTEM INCLUDING COMPRESSOR, ACCUMULA- 
TOR AND ALL CONTROLS.. 


7 


Heat-Les Dryers @ Heat-reactivated Dryers 
Thermocouples and Thermowells 


TRINITY EQUIPMENT CORPORATION, CORTLAND, NEW YORK 
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HEAT RESISTANT GLASS 


New heat-resistant flat borosilicate 
glass is now available in square, rec- 
tangular, circular and odd shapes in 





thicknesses from %” to 1%”, up to 
30” diameters or rectangles 26” x 60”. 
Catalog on request.—Kaufman Glass 
Co., 1209 French St., Wilmington, 
Del. 
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CRITICAL MILSPEC CABLES 


Single-shield Solid Dielectric (Type 
SSD) minimum-loss cables, Single- 
shield Semi-solid Dielectric (Type 
SSDS) cables having higher velocity 
and lower capacitance than SSD, 











Double-shielded Double-jacketed 
(Type JEL) Triaxial cable for 
stringent shielding applications, and 
Single-Shield Solid-dielectric Large 
Diameter (Type SSDL) for trans- 
mission at high power levels are new 
types offered to meet increasingly 
critical RF requirements and Military 
Specifications. Data literature on re- 
quest.—Times Wire and Cable Co., 
Inc., Wallingford, Conn. 
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INDICATOR AMPLIFIER 


Series M Digital Amplifier Module 
Model LA-101 contains 4 driver cir- 
cuits each driving one neon indicator 
lamp when actuated by flipflop or 











gate. Input voltage under 2 v turns 
indicator ON; input over 8 v turns 
indicator OFF.—Computer Control 
Co., Inc., 983 Concord St., Framing- 
ham, Mass. 
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Magnetic Multiplication 


The magnetic multiplier is a miniaturized magnetic 
modulator designed to deliver an anlog output voltage 
which is the continuous product of two variable input 
voltages. One of these is an excitation voltage which 
varies over a predetermined range; in this case, 0-] 
v rms 400 cps. The other signal is a de current which 
varies between 0 and 400 pa. 





The output voltage is 400 cps ac, and is always either 
in phase or 180° out of phase with the variable excita. 
tion, i.e., in phase when the variable amplitude de 
signal is positive and 180° out of phase when the de 
signal is negative. The general schematic of the multi- 
plier circuit is shown in Fig. 1. 

The relationship between the variable amplitude ac 
supply signal voltage E,, variable dc control signal E,, 
and the sinusoidal alternating load voltage Ey, is 
denoted by the expression: 


E, = K x E, x E. where K is a constant. 


Jafafafa 





a 
= FIG. 1. MAGNETIC 
pw AMPLIFIER, Schematic 

BS Diagram. 

63 ” 

- FIG. 2. LINEAR 
TRANSFER RESPONSE 
E curves. 
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This expression which defines the fundamental princi- 
ple of the 4-quadrant Magnetic Multiplying Modulator, 
is also illustrated by the linear transfer response curve 
families shown in Figs. 2A and 2B. With linearity of 
response curves held to within approximately 1 to 2% 
of theoretical straight lines, product accuracy of the 
fundamental equation will be within 2-5% of the 
theoretical. 


Salient specifications of the Model MCM, 515-1 are: 
Variable E,, 0 to 1 v rms 400 cps; control signal wind- 
ing dc resistance, 2650 ohms; Input dc signal range, 
0 to +400 na; AM ac output range, 0 to 0.9 v rms 
@ 400 cps, phase reversing; Null drift (in terms of 
input signal), +2 pa over the range of —65°C to 
135°C.—(From 6-page brochure 102, General Mag- 
netics, Inc., 135 Bloomfield Ave., Bloomfield, N. J.) 
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Permanent Magnet Focusing in 
1 KW Gridded TWT Amplifier 


Combination of permanent magnet focusing with a 
gridded gun for easy modulation control has resulted 
in a traveling wave amplifier exhibiting full 1 kw 
power output characteristics with low power con- 
sumption, according to the developers, Hughes Prod- 
ucts Group, Electron Tube Div., Hughes Aircraft Co., 
International Airport Station, Los Angeles 45, Calif. 

Although traveling wave tubes with gridded guns 
have previously been available with solenoid focusing, 
permanent magnet focusing in the new tube, desig- 
nated MAS-1E, provides advantages of lighter weight, 
no solenoid power supply needed, low heat generation 
and improved reliability. 


ME Se Salat ci 


FIG. |. GRIDDED High ais TW Tube also con- 


tains permanent magnets for focusing. 
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FIG. 2. CASCADE operation of two MAS-IE Tubes 
gives | KW output from 0.5mw drive. 


The MAS-1E is said to have the following advan- 
tages over previously available non-gridded TW struc- 
tures: (1) Pulse voltage requirements reduced by a 
factor of 20; (2) Very fast turn-on beam and fast pulse 
rise-time; (3) Modulation power required for gridded 
tube is only about 2% or less of that required for 
cathode modulation. This is seen from the fact that 
the modulator supplies a 325v pulse into a 15ypf load 
(intercepted grid current is approximately 0.1 amp 
whereas the modulator for cathode modulation must 
supply a 7100 v pulse into a 30-50upf load (with a 
eam current of 1.1 amp during the load). 

The Hughes MAS-1E is primarily designed as a final 
output tube. However, if more power is required it 
can be used to drive other high powered TW tubes or 
klystrons. At full 1 KW output it requires an input 
of only 0.5 watt, or by using two tubes in cascade 
(Fie. 2) full output can be obtained with less than 
0.5 mw drive. 
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BUSHIPS TUBE FITTINGS 


Hydraulic and air tube Ferulok 
LHBU union fittings meeting MIL- 
F-21467 are available in sizes from 
4%” to 2” including 16 combination or 
reducing sizes not previously avail- 
able—Parker Fittings & Hose Div., 
Parker-Hannifin Corp., 17325 Euclid 
Ave., Cleveland 12, Ohio. 
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SUB-MINIATURE RELAY 


New 2PDT Crystal-case Relay ro- 
tary principle with bifurcated con- 
tract structure, said to improve reli- 
ability and efficiency in dry circuit 
applications and to exceed MIL-Spec 





requirements. Weighing approx % oz, 
it is designed fora life of over 
100,000 operations continuous duty 
in the —65° to 125°C range.—Union 
Switch & Signal Div., Westinghouse 
Air Brake., Swissvale, Pittsburgh 18, 
Pa. 
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THERMAL WIRE STRIPPER 


New Rugged High-Speed 
Industrial Model 





For Teflon And Other Plastic Insulation 


Completely eliminates cut or nicked wire strands 
since no blades are used. Has High-Low heat con- 
trol to strip both Teflon and lower-melting plas- 
tics. Strip any size wire without adjustment. De- 
signed for high-speed production use. Use either 
as bench or hand tool. Simple to operate. Insert 
wire, clamp, then pull. Has adjustable stripping 
length stop. Sturdy long-life heating elements are 
easily replaceable- Heavy-duty power supply. 


Price $44.50 FOB Altadena, Calif. 
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Western Electronic Products Co. 
655 Colman Street, Altadena, California 
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CONSIDER USE /N H1GH VOLTAGE 
REGULATOR CIRCUITS OR HIGH 
YoLTAGE AMPLIFIERS. 
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5806 Hough Avenue ° 


Export Department, 240 West 17th St., New York 17, N.Y. 


Cleveland 3, Ohio 














See us at IRE Booth 2234 
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OGIC 
VISPLAYS 


ALLARD ELECTROMAGNETIC INDICATORS 
GIVE YOU POSITIVE SIGNALING 
IN MITE-SIZE PACKAGES 


Designed expressly for compact instruments and control panels, Allard 





miniature indicators meet the most critical requirements for small size, low 


power drain, positive performance in extreme environments. 


Unlike lamp signals they are not subject to burnout, provide high readability 
even in strong incident light. What’s more — Allard indicators offer unparal- 


leled application flexibility, permit complex indications without the need 
for relays or grouping of multiple units. 


Typical of the wide range of Allard signals available for demanding air- 
















borne or ground service are those shown here. All can be supplied to meet 
most specifications for display, operating voltage and mounting, in models 
for either military or industrial applications. 








TYPE 110 TYPE 101 





TYPE 103 TYPE 109 


TVPE tO: TYPE 103: TYPE 109: TYPE 110: 














If {ype design demands visible signals, you'll want to have full techitical 
and application information on the complete line of Allard indicators. 


Write for data folder today 
ALLARD INSTRUMENT CORP. 


146 East 2nd Street * Mineola, Long Island, New York + Ploneer 6-5895 
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TERMINAL CHOICE 


Wide choice of terminal arrange- 
ments now available include: Regu- 
lar screw type; screw type on top, 
feed-thru turret terminals on bottom; 


oe nes Sigs, a ug nas ig Bi las id a 
“ ” ft 


threaded stud on top, feed-thru on 
bottom; threaded stud on top only; 
Solder terminals on top only; and 
taper-pin terminals. Detailed Litera- 
ture available.—-Kulka Electric Corp., 
633-643 So. Fulton Ave., Mount Vern- 
on, N. Y. 
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PHASE-ANGLE VOLTMETER 


New Multiple Frequency phase 
angle voltmeter, Model VM-204, ac- 
commodates signals at three specified 
frequencies in the 60-4500 cps range, 





for ground checkout of missile syn- 
chro, resolver, transducer and po- 
tentiometer loops. Nulls, phase angles, 
and total, quadrature and in-phase 
voltages are read directly without 
computations.—North Atlantic In- 
dustries, Inc., 603 W. Main St., West- 
bury, N. Y. 
CIRCLE 159 ON READER-SERVICE CARD 


SUB-MIN DELAY RELAY 


New Series AJ subminiature elec- 
tronic Time Delay Relay designed pri- 
marily for control of conventional 
multipolar relays in support system is 





4 
now available for operation over am- 
bient temperature range of —55° to 
125°C and from 20 to 32 v de, Delays 
range from 50 milliseconds to 60 sec- 
onds.—Parko Electronics Co., 2539 S. 
LaCienga Blvd., Los Angeles 34, 
Calif. 
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Glass-Fibre Tape Splicer 


Manufacture of new vertical-scale aircraft instry. 
ments recently developed by the Bendix-Eclipse Pioneer 
Div., in connection with the Wright Air Development 
center, required a machine that would (1) uniformly 
cut the exact spot on the nylon-coated glass-fibre al. 
timeter scale tape, (2) seal the ends in precise lateral 
alignment, (3) produce minimum ridge at the splice, 


and (4) meet rigid length tolerances. 
PTET Ie RT rma re 






a 





GLASS-FIBER NYLON tapes (left) form the ac- 
curately indexed scales of the new Bendix vertical- 
scale aircraft instruments. Presto-Splicer (right) joins 
ends of tape loops to provide smooth-indexing to 
0.001" tolerance. 


Design of the Bendix instrument involves two end. 
less tapes, one inside the other. The tough nylon surface 
of the tape provides high resistance to wear and the 
numerals are covered by a layer of clear nylon for 
added protection. The inner tape is longer than the 
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outer by several sprocket holes. This difference in 
length, combined with its numerical arrangement, 
causes an indexing action to occur. 

In meeting the requirement for precision and re- 
liability, and working closely with the maker of the 
tape, General Plastics Corp.; the Prestoseal Mfg. Corp.. 
37-25 33rd St., Long Island City 1, N. Y., adapted 
its series 300 Presto-Splicer to form a 0.040” over-lap 
splice at a 15° diagonal cut, compressed flat on the 
sprocket drive and squeezed to within 0.001” of thick- 
ness of a single layer of tape. Heat and pressure are 
the only adhesives used in this highly reliable and 
rapid technique for splicing glass-fibre tapes. 


FOR MORE INFORMATION ON TAPE SPLICER 
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Low-Loss Waveguide System 


An unusually long run (2200 ft) of X-band wave- 
guide to be installed at the Vandenberg Air Force 
missile center is shown undergoing final checkout at 


the Los Angeles Pacific Coast Facility of Airtron, Inc. 
a division of Litton Industries. 
Composed of sections of 3” copper tubing, flexible 


MILITARY SYSTEMS DESIGN 
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rubber covered tubing and mode absorbers, it is said 
to have less than 10 db attenuation per 1000 ft as 
compared to 50 db for conventional wave guide. The 
simplicity of the design is credited to a special transi- 
tion which converts from standard waveguide to the 
TE/0l mode in the circular waveguide. The same type 
of transition reconverts the wave at the terminal. This 
is said to be the first of a number of similar custom 
installations to be assigned to Airtron. 
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Hot-Gas Servo Controls Missile 


A discontinuous, on-off type actuator control for 
use with missiles and drones using solid propellant 
fuel and designed to provide reliable actuation up to 
10 minutes of flight has been announced by the Light 
Military Electronic Dept., General Electric Co. Called 
the Flicker Hot Gas Servo, the system consists of one 
or more hot gas generators, a turbine alternator, four 
control actuator assemblies, and a solenoid-operated 
control valve for each actuator. 
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FIVE POSITION CONTROL gives minimal deflec- 
tion to control surfaces when solenoid stops are ex- 
tended as in (A), maximum deflection when stops 
are retracted as in (B). 


Each control actuator consists of a pair of pistons 
attached to opposite ends of a rocker arm connected 
to the control fin shaft (See Figure). The system pack- 
age can be located in the neckdown nozzle area of the 
main engine. 

Two-position, three-position and five-position con- 





trol operational methods are possible with the system. 
In the two-position type the fins are actuated either 
to full positive or full negative torque. If three positions 
are used, the fins are operated positive or negative 
upon signal but are returned to the zero position when 
no signal exists. In five position operation, both maxi- 
mum and moderate deflection can be given in either 
positive or negative direction. 

Hot gases retained under pressure in the generator 
provide extended power control after propellant is 
completely burned. Standby life of at least five years 
in storage while ready for instant use is claimed for 
the system, due to the simplicity of the design and 
reliability of the poppet valve controls. (From 4-page 
Bulletin GEA-59APJ-59, Light Military Electronics 
Pa , General Electric Co., 600 Main St., Johnson City, 
N.Y.) 
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PRECISION JERKMETER 


Rate of change of acceleration 
(Jerk) is measured to an accuracy 
of 0.1% by linear and angular Jerk- 
meters now offered by Donner. Their 
outputs are used to instigate com- 






al iy 

pensatory controls in missue and jet 
flight or as “velocity damping” to 
achieve constant acceleration. An ac- 
celeration output voltage is also avail- 
able. Jerk ranges of +0.5 to +20.0 
G/sec full scale output (+7.5 v dc) 
are available-—Donner Scientific Co., 
Concord, Calif. 
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PRODUCTION CENTRIFUGE 


Fast testing of components at pre- 
set accuracies better than 1% rpm, 
new G-RATER operates up to 100 G 
acceleration force in a number of 


fe ae aes ie His 

speed ranges. ‘lwo matcnea objects 
larger than 3” cube and 5-lb weight 
can be tested in 3 axes on the stand- 
ard boom. 8 slip rings, each with 2- 
amp capacity, are standard.—The 
Gyrex Corp., 3003 Pennsylvania Ave., 
Santa Monica, Calif. 
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DIGITAL INDICATOR 


New electromagnetic numerical 
readout module utilizes seven minia- 
ture indicating segments operated on 


as ala la 





1 





1 to 30 v de in any desired combina- 
tion. (Numeral 4 shown) Momentary 
or latching types available, can be 
mounted in close order.—Allard In- 
strument Corp., 146 E. 2nd St., Mine- 


Olt, Eas. Bey: Ns. 2s 
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FROM START OF LOGICAL DESIGN 
TO COMPLETED SYSTEM IN MONTHS 
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SCHEDULE 
TIMESAVERS: 
TYPICAL PROBLEM With T-PACs you go 
directly from your logical 
design to system wiring. 


Wiring is rapid, 
reliable, and permanent; yet,is 
OPTIMUM SOLUTION easy to modify at any time. 
System debugging is routine, 
thanks to standard logical 
elements and 
standard waveforms. 


COMPUTER CONTROL Co., Inc. 
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MEPCO RESISTORS 
RIGHT 

AY 

HOME... 

ANYWHERE! 


If the equipment that you manu- 
facture must maintain its accu- 
racy in any environment, the 
resistors you use must be reli- 
able. MEPCO manufactures seven 
axial lead styles to MIL-R-9444 
(USAF) AFRT 10 thru 16 that 
meet these requirements. 
Complete test data available. 


SEE US AT THE 1.R.E. SHOW 
BOOTH 2802 - 2804. 
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HIGH-G ACCELEROMETER 


New potentiometric Model 400 ac- 
celeration transducer features a broad 
band-width sensor, 0-10 G, flat to 50 
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cps. Dimensions 1-%” square by 
2%” long; weight is less than 5 oz.— 
White Avionics Corp., Terminal Rd., 
Plainview, L. I., N. Y. 
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DC-DC VOLTAGE REGULATORS 


Miniaturized transistorized voltage 
regulator provides accurately regu- 
lated de voltages of 6 to 35 v de from 





wd So ay ge REE es 
input voltages ranging from 24 to 45 
de, allowing economical use of regu- 
lated voltages only at points where 
required.—Valor Instruments, Inc., 
13214 Crenshaw Blvd., Gardena, Calif. 
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Pow 


4-PROGRAM PULSER 


New Programmed Pulse Generator 
Series (Model II-507B shown) fea- 
tures modular construction, delivers 


four pulse programs pulsed at differ- 
ent PRF’s to two signal outputs with 
syne pulses.—Inconiz, Inc., 945 Indus- 
trial Ave., Palo Alto, Calif. 
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DISC THERMISTOR 
Available for first time from stock, 
VECO 34D4 disc thermistor (%” 
diameter wafer) conforms’ within 
+5% to the resistance/temperature 
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curve shown making it ideal for 
temperature compensation or measure- 
ment.—Victory Eng. Corp., 534 
Springfield Rd., Union, N. J. 
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Reduce Installation Costs 


of Thermocouple 


Extensions 


You can now install 6 to 56 pairs of 
thermocouple leads at one time with 
“Thermo-Cable,” T-E’s new multi-con- 
ductor extension cable. Installed in con- 
duit, ‘““Thermo-Cable” reduces costs by 
eliminating the need to pull individual 
conductors—and permits the use of small- 
er conduit for the same number of leads. 
“Thermo-Cable” can also be installed with- 
out conduit, in open troughs or in raceways. 


““Thermo-Cable’s’’ smooth, polyvinyl] 
chloride outer jacket resigts moisture, 


Thermo Electrie os. 


SADDLE BROOK, NEW JERSEY 


THERMO-CABLE 







heat, abrasion and chemical action—and 
slips easily through conduit. ISA color 
coded, individual conductors are also in- 
sulated in hi-temp (221°F.) polyvinyl 
chloride—and the conductor bundle is 
wrapped in aluminum-backed Mylar tape. 
Pairs are numbered alike and lie next to 


each other. “Thermo-Cable”’ is available 
in 6, 14, 18, 25, 39 or 56 pairs and comes 
in all standard thermocouple materials. 


Write For Wire Section 33-9 


In Canada: 
THERMO ELECTRIC (Canada) LTD., 
Brampton, Ont. 
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R-1/F-1 Meter Uses 
APR-9 Tuners 


A laboratory precision portable and mobile radio. 
interference and field-intensity measuring equipment 
designed to work with Government supplied APR-9 
RF Tuners is now available. This equipment, desig. 
nated NM-60A, and originally developed for govern. 
ment use as the AN/URM-42 government by the 
Stoddart Aircraft Radio Company, Inc., can now be 
utilized by government services and contractors who 
have, or can obtain custody of, these tuners. 





FIG. 1. FOUR APR-9 Tuners used with new Field 
intensity and interference meter console save 
money, conserve space in aircraft. 


APR-9 units which are supplied by customers will 
be modified by Stoddart to operate from a 110 v ac, 
50 to 400 cps supply. The NM-60A Console (Fig. 1) 
electrically selects the desired tuner, adding calibrated 
RF Turret Attenuation before the RF tuner to prevent 
overload. Electrical coaxial switching of input and out- 
put circuits and of high voltage supply to the tuner 
selected, while keeping all tuner heater circuits alive, 
is accomplished by the single Master Selector Switch. 
Electrical tuning of each RF tuner can be controlled 
for rapid or slow automatic scanning, or disengaged 
to permit manual precise tuning. 

When the NM-60A Console is used in an aircrafl 
equipped with APR-9 Receiving Equipment, the tuner: 
may be switched into the NM-60A Measuring Equip- 
ment without requiring installation of the NM-60A 
APR-9 Special Power Supply. 

The NM-60A Console System for making site sur 
veys, or investigating, monitoring, analyzing and ac: 
curately measuring radio interference and field inter- 
sities, consists of the NM-60A Console, a 1-kw engine: 


MILITARY SYSTEMS DESIGN 
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generator, and an accessory rack, all mounted in a 
Volkswagen Micro-Bus with sliding top (Fig. 2) 
This System, with suitable horn or broad-band an- 
tennas, can be used to determine the electronic com- 
patibility of weapons and missiles firing and guidance 
systems; checking telemetering systems for spurious, 
anharmonic and harmonic radiations; or checking en- 
tire military facilities for unwanted radiation from 
electrical appliances, ignition systems, machinery, 





FIG. 2. SITES ARE SURVEYED and Interference 
analyzed by new System in V-W Micro-Bus. 


communications equipment, Radar, and other radi- 
ating equipment in accordance with Military Meas- 
urement Specifications. It also serves to measure sig- 
nal power density in watts per square centimeter, pro- 
vide wave propagation and antenna pattern analyses, 
to measure shielding effectiveness of military equip- 
ment, and to determine the efficiency of frequency spec- 
trum utilization. (From 4-page bulletin, “Super High 
Frequency RI-FI Measuring Equipment,” Stoddart 
Aircraft Radio Co., Inc., 6644 Santa Monica Blvd., 
Hollywood 38, Calif.) 
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Higher Temperature Thres- 
holds for Microwave Diodes 


As a result of improved processing techniques, but 
at no added cost to the customer, the Sylvania Electric 
Products, Inc., Woburn, Mass., announced raised tem- 
perature ratings of its full line of X- and S-band 
microwave diodes, from a maximum of 70°C to a new 
high of 150°C. The diode types affected include: 

Micro-Min diodes: IN830, IN830A, IN831, IN831A, 

IN832, IN833; 

Forward-reverse and matched pairs: IN21B, IN21C, 

IN21D, IN21E, IN21F, IN23B, IN23C, IN23D, 

IN23E: 

Double ended diodes: IN21WE, IN416B, IN416C, 

IN416D, IN416E, IN23WE, IN415B, IN415C, 

IN415D, and IN415E. 

In addition to reducing the previous requirement 
lor air cooling equipment, the new high temperature 
diod-s are suited to many commercial applications 
where ruggedness and price are controlling factors. 
FOR MORE INFORMATION CIRCLE 172 ON READER-SERVICE CARD 
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MINIATURE COUPLINGS 


New miniature flexible couplings 
for servos, computers, etc., give rigid 
drive between shafts. Supplied in sizes 





bs han ll" 
from 0.125” to 1” O. D., for torques 
from 0.1 in-oz to 250 in-oz, side 
thrusts from 1 gram at 0.005” offset, 
and twist angles of less than 0.3° in 
all sizes. Engineering bulletin avail- 
able-—Servometer Corp., 222 Main 
Ave., Passaic, N. J. 
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AIRSPEED COMPUTER 


Miniature True Airspeed Computer, 
“Minitas”, consisting of sensitive 
Mach transducer, passive resistance 
network and follow-up servo conforms 
to Mil-specs for types ranging from 





helicopter to missile speeds. Electrical 
function generator converts total tem- 
perature to free airstream tempera- 
ture and corrects for static pressure 
defects and installation errors. Servo 
follow-up provides shaft output to 
position three output synchros.—Ser- 
vomechanisms, Inc., 12500 Aviation 
Blud., Hawthorne, Calif. 
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PROP TORQUE TRANSDUCER 


Small aircraft propellor torques are 
measured directly and in flight by 
new pickup mounted between engine 





and propellor. The pickup allows 
passage of hydraulic fluid for normal 
pitch change, is strong enough to 
withstand gusts and maneuvering 
loads under maximum power.—Per- 
formance Measurements Co., 15301 
W. MecNichols, Detroit 35, Mich. 
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For over a decade, government agencies, indus- 
trial firms and photo studios have turned to 


TIFFEN for precision optical accessories. Now, 
TIFFEN offers their specialized knowledge, ex- 
perience and expanded facilities to all industry 
employing optics in their product. TIFFEN’s 
major facilities are partially described below: 


BLANCHARDS. . . fiat grinding to .00005". Diamond wheel shaping to .0001", EDG/NG 
... to less than .001", to 20” dia. Bevels and odd shapes ground. DR/LLING ... . dia. .010” 
to 12”, concentric to within .0005", on glass, ceramics, silicon, germanium, etc. GR/ND/NG 
& POLISHING ... imm. dia. to 24” dia., within 1/10 wavelength in flatness, under 2 seconds 
arc in parallel. Roof prisms to 2 seconds of arc accuracy. COATING .. . high vacuum 
deposition of all types of material, partial coatings for beam splitters and metallic neutral 


density filters. COLOR LABORATORY ... 


includes Densichron, Beckman Du Spectro- 


photometer, Weston Foot Lambert Meter. F/LTERS .. . laminated glass equal in environ- 
mental tests to solid glass, with superior color control, resolution to 100 lines per mm. 
MACHINING . . . multi-spindle automatic to 4”, secondary machines to 10” capacity. TOOL 
ROOM .. . 23” swing lathes, grinders, millers. All tools and jigs masmufactured internally. 


Special problems? Write, call or visit: TIFFEN OPTICAL CO., 85 Jane St., Roslyn Hgts., L. |., N. Y. 
West Coast Rep.: CRAIG CORP., 3410 So. La Cienega Bivd., Los Angeles 16, Cal. 


>TIFFEN DELIVERS THE GOODS! 


CIRCLE 81 ON READER-SERVICE CARD 





HIGH-TEMP TACHOMETER | 


New miniature high temperature 
tachometer generator for Jet engines 





furnishes 3-phase output with voltage 
and frequency proportional to rotor 
velocity.—Globe Industries, Inc., 1784 
Stanley Ave., Dayton 4, Ohio. 
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1000°F PRESSURE SWITCH 


New Absolute pressure switches for 
use near missile engines or where 


high air friction temperatures elimi- 


nate use of standard pressure 





switches, are available for use with 
air, oxygen, steam or hydraulic 
fluids. Furnished in SPST NO or 


NC to make or break the circuit at 


any preset pressure—Consolidated 
Controls Corp., Bethel, Conn. 
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I TWO WIRE 


HERMETICALLY =SEALED 


e NO DRIFT 
\ e RUGGED 
\ e CLEAN MAKE AND BREAK 


\ 


Extreme shock, vibration and other severe environmental 
conditions will not affect the precise thermal 

indication of this new CPI hermetically-sealed thermal 
sensing switch. The new Plug-Stat® is a two-wire, 

rugged unit with stainless steel welded body and special 
alloy contacts that make and break fast 


and clean at set limits 
without drift of calibration. 
This new Plug-Stat® operates Ask about the 
accurately in environmental SINGLE-WIRE 
temperatures from minus 65°F. to plus ” ® 
700°F. and is capable of a 200°F. hg G-STAT; 

oO 


overshoot from the specified 
operating temperature. Calibration 
temperature range from minus 20°F. 
to plus 700°F. is factory set to a 


specified tolerance and sealed. 

Where you require an extremely Another in the CPI family 
sensitive response to high of thermal switches is this single- 
or low temperatures, wire Plug-Stat® for applications 
this new non-drift thermal switch where required temperature range 
will fit your needs. limits are minus 20°F. to plus 


600°F. 


Write now for complete engineering data. 
Ask for Catalog MS. 


Contiol products, ee 


. 311 SUSSEX STREET, HARRISON, N. 
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SILICON ALLOY TRANSISTORS | 


Types 2N1440, 2N1441 and 2N1442 
silicon alloy transistors for small- 
signal applications in audio, servo and 


de amplifiers feature low noise and 
high gain and maximum current gain 
and collector cutoff current at 150°C. 
Are said to exceed requirements of 
MIL-T-19500A.—National Semicon- 
ductor Corp., Danbury, Conn. 
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HIGH-POT LIFE TESTER 


New Model 8515 Insulation Life 
Tester (right) makes sequential tests 
of 50 components for current leakage 
for periods to 12 hours without manu- 
al attention. Components under envir- 





onmental test conditions may be 
tested up to 20 Kv furnished by Model 
8514 HYPOT Set (left), with each 
component tested for periods up to 
15 min. Failure of component may 
sound alarm, and stop test or con- 
tinue test on other units while by- 
passing and indicating failed unit.— 
Associated Research, Inc., 3777 W. 
Belmont Ave., Chicago 18, IIl. 
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STATIC INVERTER-CONVERTER 


Model SIS-3-71042 is power source 
operating off self-contained silver 
cadmium battery to provide 200v/ 
115v 3200 cps 3-phase at 1KVA, 300 





v de at 0.5 amps and 150 v de at 1.0 
amp. Operates at full output for 4 
min, continuously with external cool- 
ing, or intermittently with thermal 
recycle of 1 min ON, 4 min OFF at 
50°C. Meets pertinent Milspecs.— 
Magnetic Amplifiers, Inc., 632 Tinton 
Ave., New York 55, N. Y. 
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Hydraulic Subsystems 
Regulator 


Missile flight control actuators, aircraft landing 
gear cylinders and fluid motors used in many systems 
require precise speed-limiting controls. Waterman 
modular design hydraulic flow regulators reduce the 
number of flexible and rigid lines from power units 
to remote areas, by regulating fluid flow to any variety 
of hydraulic components that require different power 
levels. 

Waterman cartridge style flow regulators are unaf- 
fected by changing pressures in the sub-system. The 
performance chart compares a typical Waterman pres- 
sure-compensated flow regulator to a fixed restrictor 


- ' 


FUXE IFIGE 


VALVE 


RATE OF FLOW 





PRESSURE 





CONSTANT FLOW regulator output is compared with 
variable flow rate obtained from constant orifice type 
regulators or valves. Measuring orifice “O' is in- 
corporated in the control piston which operates as a 
spring-balanced valve, moving to cover more or less of 
the port with changes in differential pressure across 
the port. 


valve. Note that Waterman regulators incorporate a 
measuring orifice in the control piston. The piston op- 
erates as a spring balanced valve, moving to cover 
more or less of the port area when there are changes 
in differential pressure across the orifice. Thus, with 
an exact balance of forces, a precise rate of flow is 
maintained through the control orifice and regulator. 
(From 4-page Bulletin A-300, Waterman Hydraulics 
Corp., Box 391, Evanston, Ill.) 
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MILITARY SYSTEMS DESIGN 
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Electron Beam Coupling Tube 


An electronic component having considerable versa- 
tility in circuit application is a new development of 
Tucor, Inc., of 18 Marshall St., So. Norwalk, Conn. 
Designated the BEACOTRON, because it employs the 
principle of BEAm COupling, the operation of the de- 
vice depends on the switching action of an electron 
beam joining two otherwise decoupled circuits. 








SWITCH ISOLATION OUTPUT 
INPUT SHIELD 
Sa 
ELECTRON GUN COUPLER COUPLER| COLLECTOR 














Th * 








+i * 


BEACOTRON Tube schematic in which an electron 
beam provides unity coupling between two other- 
wise isolated circuits. 


As shown above, the device comprises an electron 
gun, an accelerator anode, and the “control” or 
“switch” coupler electrode on one side of an isolating 
shield, in which a single aperture is located. On the 
other side of the shield the beam passes between the 
plates of an output coupler to strike the beam collector 
anode. 

When the electron beam is cut off the two coupling 
circuits are isolated by the internal shield by approxi- 
mately 60 db. When the beam is turned on, it provides 
slightly better than unity coupling between the two 
circuits. This is possible because interaction between 
the beam and the beam couplers provides a slight gain 
sufficient to overcome all losses in the device and to 
provide a small positive gain. 


TABLE 1. CHARACTERISTICS OF 
TWO BEACOTRON TUBE TYPES 


Type T37LID Type 137XID 
Switch Limiter 

Frequency 1-2 kme 8-12 kme 
Incident power (peak) 1 kw max 

(Average) 20 watts | watt max 
Output power (peak) | mw max 

(Average) 20 watts | mw max 
Coupling (beam on) 0 db min 0 db max (below 5 mw 

(beam off) —60 db min incident power) 

Noise figure 10 db 
Duty cycle 0-100% 
Switching time | musec 
Beam voltage 400 v 400 v 
Beam current 100 ma Ima 
Weight 6 oz 3 Ib 
Length 10" e 


Applications include: Inertialess switching of signals 
within the period of one milli-microsecond; boardband 
limiting action with faithful reproduction of all signals 
below the limit threshold; microwave modulation with 
smooth reduction of coupling from unity to —50 db.; 
and as an output leveler for backward wave swept 
oscillators, in which the output power tends vary with 
frequency. Units also can be designed for any of the 
applications mentioned and at any frequency from 


UH} through the 10 kme band. 
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HI-POWER ZENER 


New 35-watt Zener Diodes are be- 
ing made by new diffused silicon 
junction techniques to standard 5% 
voltage tolerances. Voltages range 





from 8.2 to 100 volts at 500 to 50 
ma, and applications include high 
power voltage regulators, limiting 
and clipping devices, and over-volt- 
age protective devices. Performance 
graphs and specs in Catalog HPZ- 
10-59.—U. S. Semiconductor Prod- 
ucts, 3540 West Osborn Rd., Phoenix, 
Ariz. 
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PRECISION ANGLE COUNTER 


New miniature precision angle 
counter ‘requiring only 4%” x %” 
window counts 1°/rev of input shaft. 





Standard 3-digit model counts 000° 
to 359°; can be adapted to 4-digit 
models, to cycle on other counts and 
to register tenths of degrees or angu- 
lar mils. Speeds to 500 counts/sec in- 
termittent over —55° to 125°C am- 
bients.—Mast Development Co., 2212 
E. 12th St., Davenport, Ia. 





Widest Variety 
Highest Accuracy 


Size 8 Rotary Components 


* A Partial Showing 





Clifton Precision’s size 8 rotary components have been tried and proven by customers over the past 4 years. More than 50,000 have been 
shipped. These are the most accurate and best tested (because they are use tested) size 8 rotary components on the market today. 

1. Torque transmitter (26v. input) 2. Torque transmitter (115v. input) 3. Control transformer (lo Z) 4. Control transformer (hi Z) 5. Control 
transformer (very hi Z) 6: Torque receiver (26v. input) 7. Torque receiver (115v. input) 8. Torque differential (lo Z) 9. Torque differential 
(hi Z) 10. Electrical resolver (.5 tr.) 11. Precision computing resolver (feedback winding) 12. Electrical resolver (1 tr.) 13. Linear trans- 
former (115v. input) 14. Linear transformer (26v. input) 15. Servo motor (1” length, 40 in-oz stall torque) 16. Motor generator (10v. input) 
17. Serve motor (53/64” long) 18. Servo motor (35v. center tap) 19. Servo motor (26v. center tap) 20. Motor generator (26v. input) 21. Serve 
motor (.30.in-oz stall torque) 22. D.C. motor (14v. input) 23. D.C. motor (28v. input) 


CLIFTON PRECISION PRODUCTS CO., INC. 


Sales Office: 9014 W. Chester Pike, Upper Darby, Pa.—Hilitop 9-1200, TWX Flanders, Pa. 1122 


Civ? rt or 


P A. 


TP 


CIRCLE 83 ON READER-SERVICE CARD 


| 


| 





| 
' 
| 





| 


SOLID STATE COMMUTATOR 


New dual pole 30-channel non- 
shorting IRIG standard telemetering 
commutators are available from stock 
in 1 fps and 10 fps sampling rates. 


is a 





MMe ORE : 2 
All-silicon elements operate into 
standard subcarrier oscillator with 
input impedance of % megohm; input 
signal range is 0 to +4 v.—General 
Devices, Inc., Dept AE, Box 2653, 


Princeton, N. J. 
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MICROWAVE AND Special Purpose 
tubes are described in new short-form 
4-page catalog.—Special Tube Opera- 
tions, Sylvania Electric Products, Inc., 
110 Main St., Buffalo, N. Y. 
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UHF GOAXIAL Wavemeters for check- 
ing radars and other Microwave meas- 
urements, available in wavelength 
ranges of 2-12, 6-20 and 20-75 cm are 
described in 4-page catalog.—Mico 
Instrument Co., 80 Trowbridge St., 
Cambridge 38, Mass. 
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TRAVELING WAVE TUBES for micro- 
wave systems, including Backward 
wave and Forward Wave Amplifiers 
and Backward Wave Oscillators, are 
listed in new 4-page catalo —Hug- 
gins Laboratories, Inc., 999 E. Arques 
Ave., Sunnyvale, Calif. 
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MINI TELEMETERY Amplifier for ac 
outputs of capacitive generator-type 
transducers and matching sub-carrier 
oscillators is described in 4-page fold- 
er.—Wurlitzer Co., Electronics & De- 
fense Products Dept., No. Tonawanda, 
N. Y. 
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STATIC COMMUTATORS and modular 
solid-state gating units for PAM/ 
PDM telemetry are described with 
electrical and a specifications 
in new 5-page bulletin.—Kinetics Cor- 
poration, 410 So. Cedros Ave., Solana 
Beach, Calif. 
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MOTORS, ACTUATORS and facilities 
for missile and aircraft applications 
are described in new 36-page catalog, 
EE-100.—EEMCO Div., Electronic 
Specialty Co., 4612 W. Jefferson 
Blvd., Los Angeles 16, Calif. 
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Pushbutton speed selection. 

Rotating prism and high effi- 
ciency co-axial drum shutter. 
Rapid acceleration; flat speed 
curve within +4% selected 


rate. 
@ Three optically projected Fi- 
ducial Markers. 


400’ daylight magazine, stand- 
ard 35mm film; negative or 
positive perforations. 
Thru-the-lens viewfinder .. . 
boresight available for metric 
work, 

5%” £/3.5 standard lens. 
Others available. 
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WF-8A . . .Newest Model in FAS7AX 
Family of 25 High Speed Cameras! 


You get truly superb resolution—blur-free pic- 
tures at highest speeds—with the WF-8A 35mm 
Full Frame Metric High Speed Camera. 


And so easy to use! No changing of motors and 
gears for different speeds, because unit is com- 
pletely self-contained. Just load up and shoot 
at any of 8 speeds from 200 to 2000 p/p/s. You’ll 
see more detail on the film than ever before . . . 
in full frame size! 


Write for New Bulletin. 


>WOLLENSAK 
OPTICAL COMPANY + ROCHESTER 21, N.Y. 
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ESAKI, VARACTOR and other new 
semiconductor developments are dis- 
cussed in 17-page “Applications” book- 
let, by A. Uhlir, Jr.—Microwave As- 
sociates, Inc., Burlington, Mass. 
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PNP SILICON ALLOY Transistors in 
new 200°C medium power low level 
amplification series meeting MIL-T- 
19500A are described in 4-page bulle- 
tins 2N1440, -41, -42.—National Semi- 
conductor Corp., Danbury, Conn. 
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MAGNETIC TRIGGERS for Silicon 
Controlled Rectifiers are described in 
new 4-page brochure on 60 and 400 
eps models.—Avion Div., ACF Indus- 
ae Inc., 11 Park Place, Paramus, 
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MECHANICAL Remote Control System 
for Aircraft and Missile applications 
is described in new 12-page catalog.— 
Teleflex Inc., Church Rd., No. Wales, 


Pa. 
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SERVO-MECHANISM Handbook and 


servo system specification guide of- 
fers 40 pages of concise servo system 
information to design engineers.— 
Superior Mfg. & Instrument Corp., 
a by Barclay Ave., Flushing 55, 
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RELAY MAGNETIC AMPLIFIERS for 
reliable control from low energy dec 
signals are described in 6-page tech- 
nical data bulletin No. 70. Acromag, 
Inc., 22519 Telegraph Rd., Southfield, 
Mich. 
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DIFFUSED SILICON Mesa Multipur- 
pose NPN transistors and standard 
PNP types; also high voltage, fast 
switching, low storage and high beta 
NPN types are described in new 4- 
page folder.—Schweber Electronics, 
60 Herricks Rd., Mineola, L. I., N. Y. 
CIRCLE 198 ON READER-SERVICE CARD 


ULTRA-LOW FREQUENCY OSCILLA- 
TORS for vibration analysis, design 
and test of servo-mechanisms, phys- 
ical and seismological instruments, 
and in timing and production controls, 
are discussed in new 54 page catalog 
F.—Kron-Hite Corp., 580 Mass. Ave., 
Cambridge 39, Mass. 
CIRCLE 199 ON READER-SERVICE CARD 


TRANSISTOR SWITCHING applica- 
tions are specialty of new high power 
NPN diffused junction silicon trans- 
sistors 2N1069 and 2N1070 featuring 
low saturation resistances. Described 
in 2-page bulletin, Form 1953.—Sili- 
con Transistor Corp., Carle Place, 
L. L, N. Y. 
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TEMPERATURE ALARMS for use with 
standard thermostats providing pro- 
tection for contents of incubators, 
blood banks, environmental test cham- 
bers and other temperature-controlled 
areas over the —90° to 400°C range, 
are described in 2-page brochure.— 
Philadelphia Scientific Glass Co., 
Paletown Rd., Quakertown, Pa. 
CIRCLE 201 ON READER-SERVICE CARD 


MINI PULSE TRANSFORMERS for 
blocking oscillator, pulse coupling, in- 
verting and impedance matching are 
described in detail in: new data sheet, 
Bulletin PT 160.—Valor Instruments, 
Inc., 13214 Crenshaw, Gardena, Calif. 
CIRCLE 202 ON READER-SERVICE CARD 


TRANSDUCER carrier system Series 
3000 for test recording or control ap- 
plications is described in new 6-page 
folder.—Wiancko Engineering Co., 
255 N. Halstead Ave., Pasadena, 
Calif. 
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MILLIMETER-WAVE components and 
antennas for 60-75 Kmc V-band are 
illustrated in 12-page catalog 160-A. 
—T. R. G., Inc., Microwave Dept., 9 
Union Square, Somerville 43, Mass. 
CIRCLE 204 ON READER-SERVICE CARD 


TEST FACILITY “Party Line” Ampli- 
fier enabling any one of fifty con- 
nected microphones to be clearly un- 
derstood through any of fifty con- 
nected headsets over distances of sev- 
eral miles, is described in 2-page tech- 
nical bulletin.—Flite-Tronics, Inc., 
3312 Burton Ave., Burbank, Calif. 
CIRCLE 205 ON READER-SERVICE CARD 


PHYSICAL FAILURE EQUATIONS are 
developed in 8-page paper by R. P. 
Haviland, Missile and Space Vehicle 
Dept., General Electric Co., 3198 
Chestnut St., Philadelphia 4, Pa. 
CIRCLE 206 ON READER-SERVICE CARD 


AUTOMATIC TEST equipment of com- 
plete solid-state, modular design; 
SCATE (Stromberg-Carlson Auto- 
matic Test Equipment) is acutal 
working hardware, available now. De- 
scribed in 24-page brochure.—Elec- 
tronics Div., Stromberg-Carlson Co., 
Rochester 3, N. Y. 
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Force Function Measurements 
Aid Relay Design 


Empirical design of relays, long the only availabk 
method of manufacturing these critical control com. 
ponents, has been supplanted for one manufacturer by 
a technique that allows reliability to be “designed into 
the relay.” 

The minute forces resulting from combinations o/ 
magnetic forces induced by current flow versus bear. 
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RELAY DESIGN based on measurement rather than 
empirical factors is made possible by Force-Travel 
analysis. 





ing friction, spring deflection, and nonlinear bending 
of moving contact strips have often defied careful 
definition, due to lack of instruments to provide the 
accurate force measurements needed for relay design. 
Now, relay specialists with the Telecomputing Corpora: 
tion, Van Nuys, Calif., have developed a Force Fune- 
tion Machine which balances magnetic versus mechani- 
cal forces, accurately measures both and plots the two 
balanced forces on an electrical x-y plotter. A typical 
set of curves are shown from one relay study (See 
Figure). 

Interpretation of the Force-vs-Travel curves enable 
the design engineers to accurately control contact over: 
travel and pressure and to control the differential of 
forces in order to provide safe reserves between the 
forces (See shaded area). Environmental and Life tests 
performed under MIL-Spec conditions have proved that 
“Engineered In” reliability has been achieved in the 
micro-miniature relays designed by the new technique. 
—(From 4-page Brochure No. 2.02, “High Reliability 
Relay” Telecomputing Corporation, 14706 Araminta 
St., Van Nuys, Calif.) 
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BOOK REVIEW ... 


Subminiature Rate Gyroscopes, Technical Manual 
for Sanders Gyros. Product Manager, Subminiature 
Rate Gyros, Sanders Associates, Inc., 95 Canal St, 
Nashua, N. H., 62 p., 9” x 11”, $2.00. Basic principles, 
operating characteristics, standard types, and appli 
cations design data for Sanders line of gyros are 
fully covered. 
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An economical method of actuating high torque 
loads is offered by the Mechanical Power Amplifier, 
Type 69A03-1, a development of the Armament Divi- 
sion, Universal Match Corporation, St. Louis 35, Mo. 
This unit, when driven by a 34 hp 1750 rpm electric 
motor or other prime mover, delivers an output of 
20 lb-ft of torque at any speed up to 196 rpm in either 
direction of rotation—effectively taking the place of 
more expensive amplidynes, dc drives, power servos 
and their associated equipment. 

Rotational direction and speed at the output shaft 
isa faithful reproduction, within less than 1° error, of 
any mechanical rotation applied to the control input 
shaft. Input inertia is not greater than 3.09 x 10-% 
lb-in/sec*, with input drag less than 0.1 lb-in. The 
control input rotation can be supplied by any form 
of electric, hydraulic or pneumatic control device at 
low torque levels. 

The Mechanical Power Amplifier enables synchro- 
nous operation in many cases where the cost of syn- 
chronous motors cannot be justified. This is possible 
since the amplifier, within its rating, maintains its 
output speed independent of load variations. Variable 
speed control of high torque loads and transmission 
of position information at high torque levels are simpli- 
fied by its 500:1 power amplification capability. 
(Written from fact-data sheet Type 69A03-1 MPA, 
by Avionics Dept., Armament Division, Universal 
Match Corp., 427 Paul Ave., St. Louis 35, Mo.) 
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BOOK REVIEWS... 


Silicon Rectifier Handbook, Audio Devices, Inc., 
620 Dyer Rd., Santa Ana, Calif., 65 p, 8144” x 11”, 
$1.00. Engineering Handbook and Catalog No. 111, 
January 1958. 
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An Encyclopedic Dictionary of Electronics and 
Nuclear Engineering, by Robert I. Sarbacher 
(cl959), Prentice-Hall, Inc., 70 Fifth Ave., New York 
ll, N. Y., 1417 p., 7” x 10”, $35.00. All modern terms 
and definitions equipments, elements, components and 
systems in the electronics and nuclear engineering 
fields are covered in alphabetical order in approxi- 
mately 14,000 entries and 1,400 illustrations. 
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January-February, 1960 





EVERYTHING IN ELECTRONICS is ti- 
tle of 1960 edition, 522-page Catalog 
No. 190-A.—Allied Radio, 100 N. 
Western Ave., Chicago 80, Ill. 
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VIBRATION TEST SYSTEMS for si- 
nusoidal and random capabilities are 
described in Series 70 4-page bulletin 
#59-5.—Unholtz-Dickie Corp., 2994 
Whitney Ave., Hamden 18, Conn. 
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HYDRAULIC PUMP for supply of 500 

to 5000 psi hydraulic power for mis- 

sile launchers, test stands and jet 

starting systems is discussed in 8-page 

Bulletin A5232-A.—Vickers Inc., Div. 

3 peersy Rand Corp., Detroit 32, 
ich. 
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OPTICAL SYSTEMS and film handling 
devices including cameras, data re- 
duction and display, stereoscopic sys- 
tems and photogrammetric equipment 
are described in new 17 page booklet. 
—Mast Development Co., Inc., 2212 
East 12th St., Davenport, Ia. 


CIRCLE 216 ON READER-SERVICE CARD 


SURVEYORS AND ENGINEERS Al- 
manac, 92-page 1960 Gurley Ephem- 
eris, includes bound-in charts for sim- 
plified computation of Polaris.—W. & 
L. E. Gurley, Troy, N. Y 
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TAGCHOMETERS and TEMPERATURE 
transducers are described in series of 
2-page data bulletins —Nacimo Prod- 
ucts, 1090 Morena Blvd., P.O. Box 
248, San Diego 10, Calif. 


CIRCLE 218 ON READER-SERVICE CARD 


ABLATIVE SHIELD fabrication is de- 
scribed in new 12-page booklet, “De- 
velopment and Fabrication of High 
Temperature Reinforced Plastics” by 
CTL, 1240 Glendale-Milford Rd., Cin- 
cinnati 15, Ohio. 


CIRCLE 219 ON READER-SERVICE CARD 


WIRE-WOUND Micro-miniature and 
printed circuit resistors are immedi- 
ately available are described in new 
2-page bulletin—Cinema Engineering 
Div., Aerovox Corp., 1100 Chestnut, 
Burbank, Calif. 
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“SPECIALTY” CAPACITORS designed 
for specific military and commercial 
requirements in missiles, high-power 
radar, and nucleonics are described 
in 16-page catalog FIL-4001-59.—Fil- 
tron Co., Inc., 131-15 Fowler Ave., 
Flushing 55, N. Y. 
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ELECTROLYTIC CAPACITORS for 
computer applications are described 
in new 2-page bulletin NPJ-110, Aero- 
vox Corp., New Bedford, Mass. 
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TIME DELAY RELAYS with solid-state 
timing modules are described in new 
8-page Engineering Bulletin No. 5905. 
—Tempo Instrument Inc., P.O. Box 
338, Hicksville, N. Y. 
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ENGINEERS: 


FACTS 
WITHOUT 
FRILLS... 


About Job Potentials 
at Light Military 
Available to You Now! 


Prepared for the engineer who likes to get 
right down to basics in evaluating a position, 
LMED’s Fact Sheets bring you clearly pre- 
sented up-to-date unvarnished information 
about all the aspects of company policies, 
projects and plans related to your pro- 
fessional future here. 


WHETHER OR NOT YOU CON- 
TEMPLATE AN IMMEDIATE 
CHANGE, these “Engineering Fact 
Sheets” are a valuable thing to 
have. Use them as a yardstick to 
assess your present —or a possible 
future — association. 


Next to your choice of profession, 
and your choice of a wife — selecting 
a position with long-range career 
implications can be the most impor- 
tant decision in your life... 


It’s A Good Thing To Have Reliable 
Tools On Hand, To Help Make That 
Choice a Sound One! 


SEND FOR THESE 
“ENGINEERING FACT SHEETS” 


se ee ee = = en | 
Mr. R. Bach / Light Military Electronics Department / 
General Electric Company / French Road, Utica, New York. 


Please send me a set of your “ENGINEERING FACT SHEETS.” 


NAME 





HOME ADDRESS 








CITY ZONE STATE 
YEAR(S) 
DEGREE(S). RECEIVED 
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SCHULER 


Enlarged research and develop- 
ment of precision mechanisms 
used in Inertial Guidance have 
enlarged our staff openings for 


engineers, scientists and mathe- 


maticians with 3 to 5 years of expe- 
rience in this field. Write to Mr. 


C. T. Petrie, Manager, Research & 


Engineering Staff. 

















STRUTHERS-DUNN HAD A SPECIAL PROBLEM 


SOLVED 
BY 


THE PROBLEM: 


To wind a non-gassing coil of a 
given temp. rating, resistance, 
and volume with approximately 
13% more ampere turns than 
previously obtainable. 

To accomplish the 13% increase 
while using wire one size larger 
than previously used. 


THE SOLUTION: 


Techniques developed at Tur-Bo 
Jet Products Co. permitted 
more wire to be wound within 
a given volume. Special Turbo- 
Powered construction* and bob- 
bins of DuPont Teflon, plus 
engineering and operating skills, 
provided more ampere turns as 
specified, within a stringent 
delivery schedule. 


FOR YOUR 
FREE APPLICATION DATA 
SHEET SEND TO 









YOUR PROBLEM: 


To increase ampere turns with- 
out changing resistance. 

To increase ampere turns with- 
out increasing coil size. 

To decrease coil size without 
sacrificing ampere turns. 

To find a source of special coils 
with increased ampere turns 
that offers delivery within hours 
of your order. 


THE SOLUTION: 


LET TUR-BO JET PRODUCTS CO., 
INC., design your prototype 
Turbopowered coils* and manu- 
facture your production coils 
with built-in Turbo-Powered 
construction. 





TUR-BO POWER 


TUR-BO JET PRODUCTS CO., 


Inc. 


424 SOUTH SAN GABRIEL BLVD. 
SAN GABRIEL, CALIFORNIA 
CUMBERLAND 3-5191 








LITTON INDUSTRIES Electronic Equipments Division 
Beverly Hills, California 
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INSTANTANEOUS CIRCUIT Breakers, 
Series 500-I, trip in approximately 25 
msec with an overload of 125% of rat- 
ings, which are given for 50 v de, 120 
v 60 cps, and 120v 400 cps types in 
new bulletin B-16.—Airpax Electron- 
a Inc., Cambridge Div., Cambridge, 
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MULTI-CONDUCTOR Control Cables, 
Bronco Type SO with 67.32% Neo- 
prene Jackets, are listed in pocket cat- 
alog folder.—Western Insulated Wire 
Co., 2425 E. 30th St., Los Angeles 
58, Calif. 
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ELECTROHYDRAULIC Servo Valve us- 


ing unity-coupled electric and hydrau- 
lic stages with hydromechanical posi- 
tional feedback is technically de- 
scribed in new 4-page Model 6103 bro- 
chure.—Kearfott Company, Inc., Lit- 
tle Falls, N. J. 


CIRCLE 226 ON READER-SERVICE CARD 
ROTARY & LINEAR hydraulic and 


pneumatic actuators, servo valves and 
associated components for aircraft 
and missile use are described in new 
8-page brochure.—Hydra-Power Cor- 
coraen, Pine Court, New Rochelle, 


CIRCLE 227 ON READER-SERVICE CARD 
NAVY CONTROL contactors, relays, 


starters, and other components fea- 
turing fire-resistant bases and corro- 
sion-resistant metallic parts are listed 
with -diagrams and prices in new 
Navy Control Component Catalog 
(GEA-6798.—General Electric Co., 
Schenectady 5, N. Y. 


CIRCLE 228 ON READER-SERVICE CARD 
CLUTCHES. BRAKES and other elec- 


tromechanical items are announced in 
new 4-page facilities and products 
brochure.—Carmody Corporation, 
2360 Wehrle Drive, Buffalo 21, N. Y. 
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SYNCHRO SIZE 8 Component specifi- 
cations for torque receivers, transmit- 
ters, control transformers, resolvers, 
etc., are listed in new Bulletin 204.— 
Induction Motors of California, 6058 
Walker Ave., Maywood, Calif. 
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SOLENOIDS & SOLENOID VALVES for 
missile fuel and hydraulic ordnance, 
aircraft and general purpose applica- 
tions are described in 4-page brochure. 
—Koontz-Wagner Electric Co., Inc., 
ee N. Michigan St., South Bend 1, 
nd. 


CIRCLE 231 ON READER-SERVICE CARD 
ACTUATOR SYSTEM Terminology 


section which explains technical terms 
used in actuator literature is feature 
of new 26-page catalog of modular 
and custom-engineered electromechan- 
ical actuators.—Airborne Accessories 
a 1414 Chestnut Ave., Hillside 5, 


CIRCLE 232 ON READER-SERVICE CARD 
PRECISE-POWER Systems, consisting 


of rotary electromechanical power sys- 
tem usually controlled and/or regu- 
lated by static circuitry, are described 
in new 32-page bulletin.—Electric 
Specialty Co., 211 South St., Stam- 
ford, Conn. 
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RF Production Measurements 


Because of the simplicity in their operation, ACM] 


Automatic Impedance Plotters are particularly u-efy| 
in production testing. For example, these plotters have 
been used to adjust the impedance of loads so that 
they would match the characteristic impedance of uni- 
form coaxial transmission lines within about 114%, 
They are also used to make adjustments of RF compo. 
nents during production tests. 














View A - Impedance of 
assembly No. 1 
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View C - VSWR of 
assembly No, 1 


IMPEDANCE and VSWR curves of cable assemblies 


No. | and No. 2. 


View B - Impedance of 
assembly No. 2 
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View D - VSWR of 
assembly No. 2 
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Impedance information is delivered as an oscillo- 


scope trace viewed through a transparent Smith Chart 
or a trace made by an X-Y plotter on a Smith Chart 
(See Figure). Sixty points can be plotted every sec- 
ond, enabling the behavior of an unknown impedance 
to be explored over a 1.4 to 1 frequency band in a 
fraction of a minute; and over a 10 to 1 frequency 
range, in one to several minutes. 


Impedance curves show more useful information 


than corresponding VSWR curves. Assembly No. | 
in this example is a 20-ft FR cable terminated by a 
good 50-ohm load. The connector at this load has too 
much capacitance. Assembly No. 2 (similar cable and 
load) has a faulty connector at the end farthest from 
the load. Although the VSWR curves of the two as 
semblies are identical, the location of the fault is at 
once apparent from the impedance plots.—(From 50- 
page Catalog E-1959, Instruments and Components, 
Alford Manufacturing Co., 299 Atlantic Ave., Boston, 
Mass.) 


FOR THIS LITERATURE CIRCLE 234 ON READER-SERVICE CARD 











INDEX TO 1959 


An index to the 1959 issue of Military Systems 
Design will be included in the March-April, 1960 


issue. 
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ABSOLUTE MAXIMUM RATINGS AT 25°C 


Forward Current If 50 mA 


Minimum Breakover Voltage Vbo { TSW-30 30V 
\ TSW-60 60V 

Reverse Breakdown Voltage Vr { TSW-30 30V 
, U TSW-60 60V 

Storage Temperature —65°C to 150°C 
Ambient Temperature Range —55°C to +125°C 


SPECIFICATIONS AND TYPICAL CHARACTERISTICS 
(At 25°C Unless Otherwise Stated) 


Typical | Max. Test Conditions 
Saturation Voltage s 1.0 1.5 | Volts | le = 50 mA 
Forward Leakage Current 0.1 10 uA | Ve = 30V 
Reverse Leakage Current 0.1 10 | pA |Ve= —30V 
Forward Leakage Current 20 50. uA | at 125°C 
Reverse Leakage Current rt) 50. pA | at 125°C 
Gate Voltage to Switch “ON” | Vp On} 0.7 1.0 | Volts | Rr = 1K 
Gate Current to Switch “ON” | Ig On} 0.1 | 1.0 | mA| Rt =1K 
Gate Voltage to Switch “OFF” | Vg Off} 1.2 | 4.0 | Volts | ic =50mA 
Gate Current to Switch “OFF” | Ig Off} 7.0 10. mA le = 50 mA 
Holding Current la 2.0 5.0 mA Ri = 1K 


SPECIALLY DESIGNED FOR: 


e Miniaturized Memory Circuits 
e Ring Counters 


e Shift Registers ® r ; 
¢ Controlled Rectifier Driver { ad mgt on 










¢ Flip-Flop Equivalent 
¢ Simplified Information Storage 


+ 0:3 m second Switching announces a NEW computer element — 
for: Greater Reliability. Circuit Simplicity 







































The TRANSWITCH is a new bistable silicon device that can 
be TURNED OFF with gate current. 


This PNPN latching device “remembers” its last gate 
signal. High current gain, both turn-on and turn-off, leads 
to greater circuit simplicity and inherent reliability. Excel- 
lent linearity of electrical parameters over a wide current 
0.5 usec ides Current range fulfills both low logic level and medium power needs. 


Here is a unique device that replaces Two transistors plus 
resistors in most bistable circuits and permits increased 
component density. 


(@Xo) | (Toi ke) a @ibl aa-lani 


++ ++ 4 4 $4 $- 
Furthermore, the transwitch is FAST... requiring only 
— 0.3 microseconds to turn ON or OFF! 


The TRANSWITCH is now available from TRANSITRON in 
the popular JEDEC TO-5 package, ready to solve your 
switch-on-switch-off requirements. 


For further information, write for Bulletin TE-1357A 





ate ngitron T. 
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“Leadership in Sem tconductors see YOUR LOCAL AUTHORIZED TRANSITRON DISTRIBUTOR FOR QUANTITIES FROM 1 
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ROBOTEC * 


is an inherent electronic circuit 
producing simultaneous current 
and voltage cutoff upon external 
short circuit. The ‘ROBOTEC" 
circuit operates in 30 microseconds 
holding the power supply cut off 
until manually reset and regucins 
line input power to a anne ble 
value. If an external short circuit 
exists the power supply cannot be 
turned on. 


*U.S. Pat. Pending 


HEATRAN ' 


is a fransistorized circuit con- 
tinuously monitoring dissipa- 
tion in the series power tran- 
sistors of the regulator system. 
Dissipation above a preset 
maximum value is automatical- 
ly transferred into external 
vitreous enamel resistors ex- 
tending from the rear of the 
equipment in a_ perforated 
metal cage. '"HEATRAN" thus 
permits fewer transistors for a 
given power supply capacity, 
more compact equipment with 
increased reliability and prac- 
tical convection cooling. 





VOLTRAN ' 


is a transistorized circuit con- 
tinuously monitoring the volt- 
age drop in the series power 
transistors of the regulator sys- 
tem. Voltages above a preset 
maximum are “apantongauy 
absorbed thus protecting these 
transistors against fine and 
load transients and permitting 
more conservative voltage = 
rating. 


+U.S. Pat. Applied For 





Power Desrons int. 


1700 Shames an Westbury, N. "Westbury, N.Y. notice. Input: 
Phone: EDgewood 3-6200 





POWER DESIGNS 


Semiconductorized Power Sup- 
plies utilize the unique proper- 
ties of semiconductor devices 
to create new circuit concepts 
achieving performance, effi- 
ciency and reliability hitherto 
unattainable. These _ instru- 
ments are NOT conventional 
transistorized versions of vacu- 
um tube regulators. 





<4 MODEL 2050 
1-20VDC @ 0-5A 


<4 MODEL 1210 


<4 MODEL 3240 
1-32VDC @ 0-4A 


a MODEL 1 


MODEL 





WRITE FOR COMPLETE 
SPECIFICATIONS AND 
DETAILS ON OTHER MODELS 


Rack Pane Adapters for Types 
a and B: Single oa 


Terms, %% 10. Net 
Prices sub 
105-125 


—! 


CIRCLE 87 ON READER-SERVICE CARD 






$28950 


$34950 


1-100VDC ¢ 0-S00MA 


$23950 


1-S0VDC e 0-1.5A 


$24950 


$ 
$17.50. **F.0.8. Westbury, N. Y. 


ject to change without 
55-440 


<4 MODEL 1515 
1-ISVDC e 0-1.5A 


$1§95° 


<4 MODEL 1515A . 
1-ISVDC ¢'0-1.5A 


$1 745° 
| 


TYPE A 
534''x854"'x10"" 





INPUT: 105-125VAC 55-440 Cy 
REGULATION: .05% 


RIPPLE: Model 1515, ISISA: 
250 Microvolts 


All Others—1.0 Microvolts 


Dual 
Volt-ammeter 








1-I2VDC © 0-10A 
$3950 | on all models |] Internal Imp: Model 2050, 1210, 
except 1010T, 3240: .005 ohms 
<4 MODEL 1010T model 1515 All Others—.0! ohms 
1-100VDC © 0-1A 
$37450 PERO RRR AEDS Als aOR 


OSTA mE 
5015 » I 


RRALIS ‘as 


RRB-20 
30 days. 






TYPE B 
534"'x856""x1 134" 


PRICES SUBJECT TO CHANGE WITHOUT NOTICE 


v. 
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March 14—Dynamics Diaita! Module Ap- 
plications Symposium, Beverly Hilton Hotel, 
Beverly Hills, Calif., Sponsored by Com- 
puter Control Co., Inc., 2251 Barry Ave., 
Angeles 64, Calif. For details write 
Dawn Walker, above address. 

March 21-24—IRE National Convention, 
Soliseum and Waldorf-Astoria Hotel, New 
York, N. Y. Write E. K. Gannett, Institute 
of Radio Engineers, | East 79th St., New 
York 21, N. Y. 

March 24-25—I!st Annual Symposium, Hu- 
man Factors in Electronics, Auditorium of 
Bel! Telephone Laboratories, 463 West St. 
New York, N. Y., Sponsored by PGHFE-IRE 
Advance Registration, write K. G. Van 
Wynen, Chairman Local Arrangements, Be 
Tel. Labs, Room 628A, 463 West St., New 
York, N. Y. 

April 12-13—Static Relay Symposium, Hex- 
agon Auditorium, U. S. Army Signal Re- 
search & Development Lab., Ft. Monmouth, 
N. J. Write Mr. Wm. J. Fontana, SIGFM/EL- 
PEE, USA Signal R & D Lab., Ft. Monmouth, 
N. J. 

April 19-21—!0th Annual! Symposium of 
Active Networks and Feedback Systems, En- 
gineering Societies Bldg., 33 W. 39th St. 
New York. Microwave Research Institute of 
Polytechnic Institute of Brooklyn. 

May 2-4—NAECON (12th National Aero- 
nautical Electronics Conference) Biltmore 
and Miami-Pick Hotels, Dayton, Ohio. Spon- 
sored by Dayton Section IRE and PGANE- 
IRE, Write J. S. Horrigan, Publicity, 5387 
Maple Cliff Ct., Dayton 15, Ohio. 

June 16-18—Fifth Annual Symposium «nd 
Exhibit of the American Scientific Gl .ss- 
blowers Society, Penn-Sheraton Hotel, Ptts- 
burgh, Pa, Twenty papers will be presen-ed 
in five sessions by nationally recogn :ed 
authcrities in the glasss-working field. W ite 
to W. E. Barr, Gulf Research & Developm 2nt 
Co., P. O. Box 2038, Pittsburgh 20, Pa. 











